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EFEODIR 1.0.2 COC Yorston of the (HSITE Madule RITFIL (Continusd)

3300 FORMAT (2I5)
c
DO 100 I = 1, NIN
Q(I) = Q(I} * KVUNIT(INUT)
WRITE (JUT, 34002 ELTI(I}. AWI{IY, (NSOLD(J,I)sJ=1.5},
- (), QI(D), QI(D), QKD
3400 FORMAT (A2,A6,511,4(1PG10.2))
100 CONTINUE

c
Cw=- CLOSE FILE AND RETURH -
c
ENDFILE OUT
CL.OSE (UNIT=0UT)
C
RETURN
c
C-==- ERROR ROUTINES =-- -
c

992 WRITE (SCRN,9920)
9920 FORMAT ('OERROR IN OPENING OUTPUT FILE®)
GO TO 200
c

594 WRITE (SCRN,9940)
9940 FORMAT {(*OERROR IN CLOSING QUTPUT FILE")

STOP
c
c
C~-

END

1.D-6
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This report wes piepsted st an account of wark sponsared by aa sgency of tha United Glates
Gowermercnt. Plaither the United Stot® Govorfsnent nor any aganty thereol, or eny of tie
emElovess, Makes any wirranty, expfansd of implicd, or ausumrs eny ion) Hebility of re.
spontintity oy sny third party’s use, or the reluits of such use. of any informaticn, saoeraing,
product or process disclosed in ths repost, of rapresents that its use by outh third porty wauld
not infringe privately owned rights.

ROTICE
Availabitity of Reference Merariale Cited in NRC Publications
Mast documents cited in NRC publications will be available from one of the following sources:

1. The NRC Pubiic Document Room, 1717 H Street, NW,
Wazshingtan, DC 20545

2. The NRC/GPO Seies Program, U.5. Nuclear Regulatery Commitaion,
Washington, DC 20555

3. Tha Nauonat Technical Inform;tion Service, Springfiels, VA 22161

F~ithough the tisting that followe represents the mejority of documeanie citast in NRC publications,
it is not intended to be exhaustive,

Refarenced documants available for Inspection and copying for a fea from the MRC Punlke Dorw
ment Room include NRC correspondance and internal NBC memaranda; NRC Offeze of trapgotion
and Enforcement bulleting, circulars, information cotices, wmepaction end investigation notices;

ticensse Event Peports; vendor reports and corrospondaencs; Commits:an pepers; and applican: ang
licensae documents and correspondance.

The following documaents in the NUREG series are avaliable for purchase from the 8RC/GPO Saiss
Program: formal NRC staff and contrector reports, NRCsponsored confarence procesdings, snd
NRC bosklets and brochures. Alsa available gre Reguistory Guiges, NRC ragulations in the Code of
Federal Regulations, arvt Nuchsar Regulatory Commission {Esusnoas,

Documents available from the Natioral Technical informstion S#rvice include NUREG swim
repoits and tachnical reports prepaced by other fedaral ageniies and reports preparcd by the Atomic
Energy Commuzsion, forerunner agancy to the Nuclear Regulztory Commision,

Decuments available frum public and special technice! Hbraties include all open litorature tevng,
such as books, journal and periodical articles, and transactions. Fegeral Register natioes, fedoral ana
state legiziation, and congressioral reports can ususity b3 obtained from these Libraries,

Documents such as theses, dissertations, foreign reports and transtations, and non-NRC conforanca
procoedings are available for purchase from the organization sporsoring the publicstion cited,

Single copies of NRC draft reports ate available free, 1o the extent of supply, upon written request

to the Divisicn of Technical Infurmation and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555,

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesds, Maryland, and are zvailsbie
there for reference use by the public. Codes and standards are usually copynighted and may be
purchased from the origiating organization or, it they are American National Stariards, from the
American National Stan s Instituze, 1430 Broadvway, New Yark, NY 10018,
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EFFEIDIXY 1592 €00 Yorston of the GMSITE Medulo RITFIL (Continued)

c
3101

c

c
31190

C
3120

c
3022

3130
3140

c

3150
c

3160
G

3170
c

3180
c

3190
c

3i92
c

3200
c

C-~~ ADJUST INVENTORY TO PROPER UNITS AND WRITE TO FILE -

c

CHDFILE QUT
BACKSPACE OQUT

WRITE (QUT.3101) (TITL{I), I=1,200
FCRMAT (' ', 2044/, SINPUT NEXT=1,%)

WRITE (OUT., 3110} IFOD. IARG, IWAT, IEXT, ISUR, IAIR
FORMAT (v  IFOD=',11,% IARG=t,11,%,INAT=1,11, 1, IEXT="2,11,',"/
. t  ISUR=',11.%, JAIR=',I1,%,*)

If {IFOD .GT, 0} WRITE (OUT, 3120} RIRR, IMO. RFl, RF2
FORMAT (*  RIRR=1,G10.3.', IMO=',11,
- v, RF1=',G10.3,', RF2=1,G10.3,%.")

WRITE {0OUT,3022) RPFl, RPF2
FORMAT (' RPFl= t,G10.3,%, RPF2= 1,G10.3,%,")

IF (IWAT .GT. 0} WRITE {QUT,3130) IDKWAT
FORMAT (¢ IDKKAT=1,11,%.")

IF {IAIR .GT. 0} WRITE (QUT,.3140) XQSITE, IDKAIR
FORMAT (1 XQSITE=',B10.3,', IDKAIR=Y,11,',"}

IF (INHAL LEQ. 1) WRITE (QUT, 3150) AGE, XDPT
FORMAT ('  AGE=',{l0.3,', XDOPT=',G10.3,'»%)

IF (INHAL .EG. 2} WRITE (OUT, 31603 DEN, XMLF
FORMAT (¢ AGE=~1, DEN=',Gl0.3.,'s XMLF=1,Gl0.3,%,')

WRITE (QUT. 3170) RINH, DILF, XF2
FORMAT (*  RINH=',F10.6,', DILF=',010.3,', XF2=%,G10.3,%,)

WRITE (OUT,3180) M3M2, INTRUD, I22
FORMAT (1t  M3M2=1,12,%, INTRUD=!,Il.%, I2Z='4]1,%,")

WRITE (QUT,3190} IT1., IT2, NORG, {(KORG(I),I=1,NORG)
FORMAT (¢ IT=%, I4,t, 1T2=,14,", HORG=%,12,
. T, KORG{1)=1,5{12,%,%) )

WRITE (CQUT,3192) SRDIL, FRSIZ. AREAIN, AREAEX
FORMAT('  SRDIL=',Gl10.3,', FRSIZ=',G10.3,%, AREAIN=',Gl0.3,','/
. ¢ AREAEX= 1,Gl0.3,":")

WRITz (QUT, 3200} IOUT
FORMAT (? I0UT=t,12,', ION=1, 3END'}

WRITE (QUT, 3300} RIN, IRR
1.0-5
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APPEMDEX L2 NS Yersfon of {he ONSITE Hofuls RITFIL (Continsed)

IF (ILOC .EQ. 1} RRITE (QUT, 30442
C3044 FORMAT (FASSIGH (BIC.NEWIVOLSOURCE.SUR FORDZTY)
3044 FORMAT (' ATTACH.TAPEZ?.YOLSOURE, ID=ZZRNRC. ¥/

. ¥ REWIND, TAPEZ7.Y)
c

IF (ILOC .£Q. 2} WRITE (QUT, 3041}
C3041 FORMAT (YASSIGH [BIQ.HEWIBURIEDHF,DAT FORDZTY)
2041 FORMAT (t ATTVACH.TAPEZT,BURIEDHF, ID=ZIRNROC. 1/
. ' REWIND,TAPEZT.®)

IF (ILOC.EQ. 3) RRITE (OUT, 3042}
C3042 FORMAT {*ASSICN [BID.NEWIBURIEDL.DAY FORDZY ')
3042 FORMAT (¢ ATTACH, TAPEZ7 ,BURIEDL, ID=ZZRNRC. %/
. ' REWIND, TAPEZ?.')
c

WRITE {OUT, 30%0)

c
C3050 FORMAT ('ASSIGN [BIO.NEWIRMDLIB.DAT FOROLOY/

c . 'ASSIGN [BIONEWIFILEZS .DAT FORO23Y)
3050 FORMAT (' ATTAUH, TAPELO.RMDL IB, ID=ZZRNRC. '/
. v ATTACH,TAPE23,FILEZ3,ID=2ZRNRC. */
. ' REWIND, TAPELIO. Y/
. * REWIND,TAPEZ3.")
c
c
Cme—= CALCULATE CGUTPUT VALUES -
c
RPF = RPF1
IF {RPF2 ,GT. 9.} RPF = RPF1 ® RPF2
c
IF (INHAL .EQ. O} RINH = 0.0
IF (INHAL .EQ. 2) AGE = -1.0
c
c
Cewm= EXECUTE COMMAND, TITLE, AND NAMELIST
C
C
c

WRITE (QUT., 3100}

c

C3100 FORMAT ('RUN [BIQ.NEWIMAXI1'/20A4/' BINPUT NEXT=1.*')
3100 FORMAT (* ATTACH, ABS.MAXILABRS, ID=ZZRNRC.'/
' COPY, ABS,L50.Y/

RETURN. ABS. Y/

MAP, OFF. 1/

ATTACH, L IB1, FTRSLIB.CY=590.1/
ATTACH,L.1B2,8YSL1B7,CY=590."/
LIBRARY,LIBL,LIB2.Y/
LOSET,PRESET=ZERQ. Y/

LGO. 1)

s s * s & 8 4 0
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FPFEEDIXR 102 90 Yorston of tha CNSITE Moduile RITFIL (Comtinveg)

4002 FORMAT ('0',14X,°ENTER YOUR CDC FROBLEM NO:t)
READ (KEY,4001) PRBLM
€

C—-~ INSERY JOH COMTROL RECGROS FOR BATOH PROCESSING
c
WRITE (OUT,3000) ACNT,ACNT. PRBLM, PRAIM
3000 FORMAT (AL, ',STMFZ,CMI60000,ECA00, TIT7 .Y/
STACCOUNT AT *a VoM VA8, 0.1)

c
Crwew ASSIGN LIBRARY FILES TO LOGICAL UNIT DEVICES --

c IF {IFOD .GT. O} WRITE (OUT, 3010}
WRITE (OUT.3010)

c
C 3010 FO. *AT (YASSIGN [BIO.NEWIFILE20.DAT FORDZ0'/
C . YASSIGN [BIO.NEWIFILEZ).DAT FORDZLY)
C
3010 FORMAT (' ATTACH,TAPE20,FILE20.10=ZZRNRC, 1/
. v OATTACH, TAPE21. FILE2L » ID=ZIRNRC. Y/
. t REWIND,TAPE20,'/
. ¥ REWIND,TAPEZL.")

IF (TARG .GT. 0} WRITE (OUT, 3020}
WRITE (QUT.30200

o OO0

3020 FORMAT (YASSIGN [BIO.NEWIFILEZ4.DAT FORD24Y)
3020 FORMAT (' ATTACH,TAPEZ4,FILEZ24,ID=ZZRNRC.'/
. ¥ REWIND, TAFEZ4.Y)

IF (IWAT .GT. @) WRITE (QUT, 3030}
WRITE (QUT.3030)

a0

3030 FORMAT (YASSIGN (BIO,MEWIFILE2G.DAT FORD2ZSY)
IN30 FORMAT (' ATTACH, TAPEZL,FILERS,IDvZZRNRC. Y/

- ' REWIND,TAFE25.Y)
c
IF (ILOC .EQ. 4} THEM
WRITE (XiT,» 32401
ELSE
KRITE (QUT, 3040}
ENDIF
c

C3240 FORMAT (*ASSIGN [BIO.NEWIRCOM.DAT FCRG22t)
3240 FORMAT (' ATTACH, TAPL2Z,RO0M, JD=ZZRNRC,*/
. ' RTWIND, TAPEZZ.%}
c
C3040 FCRMAT {'ASSIGN [BI0.NEWIPLANSOURC. SUR FOROZ2ZYM)
3040 FORMAT (' ATTACH, TAPEZ2. PLANSCURC, ID=ZZANRC. */
. ' REWIND, TAFE2Z2.Y)
C

1.8-3
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ABSTRECT

Because of uncertainties associated with assessing the poutential risks from
onsite burials of radlovactive wastes the U. S. Nuclear Regulatory Commis-
sion (NRC) has amended 1ts regulations to provide greater zssurance that
buried radioactive material will not present a hazara to public health and
safaty. The amended regulations now require licensees to apply for
approval of proposed procedures for onsite disposal pursuant to 10 CFR
20.302. The NRC technically roviews these requests on a case-by-case
basis. These technical reviews require modaeling potential pathways to man
and projecting radiation dose comaitments. This document contains a sum-
mary of our efforts to develop human-intiusion scenarios and to modify a
varsion of the MAXI computer program for potential use by the NRC in
reviewing appiications for onsite radioactive waste disposal. The documen~
tation of the ONSLTE/MAXI computer program s written for two audiences.
The first (Audience A’ includes persons concerned with the mathematical
models and computer aigorithms. The second {Audience B) includes persons
concernad with exercising the computer program and scenarlos for specific
onsite disposal applications. Five sample problems are pressnted and
discussed to assis“ the user in operating the computer program. Summaries
of the input and output for the sample problems are Included along with a
discussion of the band calculations performed to verify the correct cpar-
ation of the ceaputer program.

Computer 1istings of the ONSITE/MAXI1 counputer program with an abbreviated
data base listing ara included as Appendix 1 to this decument. Fimally:
complete 1istings of the data base with listings of tho spectal codes use:l
to create the data base are included fn Appendix 2 as 4 microfiche
attachment to this document.

iti



APDDIX 1.0.2 90 Yerston of the CXSITE ¥iodyle RITFIL

l"?

SURRCUTIRE RITFIL

THIS SUBROUTINE WRITES A FILE WITH INFUT PARAMETERS ARD
SYSTEM COMMANDS FOR MAXIL.

MODULE OF ONSITE
YERSION OF Z6-AFR~B4 RAP

INCLUDE PONSITE.CMN'

-

GOoOOOOODOOnOa0O0

COMEBGN /VARYBL/ IFOD, RIRR.RPF, IMD, RF1, REZ, TARG, IWAT,
ICFRAT. 1EXT, IAIR, XQSITE, IDKAIR.
ISUR, 122, XF2:
AGE, XDPT, DEH, YMLF, RINM. DILF, s3M2, INTRUD.
ITi. IT2, NORG, KORG(S}, IDUT, HEXT,
RPFY, RPF2, IHHAL, IRR, SROIL, AVUNIT(A)

L4 Ll » - .

i) HEAL KWYUNIT

2

COMMON ZINV/ NIN, ELTI{N00), AWI(L00), NSOLD(5,1000,
{100}, QIC100), QI(100), AKLIOO)

. REAL AM]
- INTEGER ELTI

CoMeey /FLAS/  IRS, ILOC, INUT, IARL, IWRL
COMMON / AREA/ FRSIZ, AREAIN, AREAEX
COMMON JDESC/ TITI (20}, UNITS(Z2.3), WA

CHARACTER®8 URITS
CHARACTER®S TITL. K¥U

245 8

COMMON / TOVARY  SCRN. OUT. OUTFIL, KEY
CHARACTER®LS JUTFIL
INTEGER SCRN, QUT

2

aaon O O

200 CONTINUE
WRITE (SCRN,4000)
4000 FORMAT (% 'L, 100(/)." %,
L14X, VENTER YOUR COC ACCOUNT NAME:' )
READ (FEY,4001) ACNT
4001 FORMAT TALOS
WRITE (SCRN, 4002}

1.0-2
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FPE9iX 1.D.1 COC Cazmand Level Procedure ~ PROCFEL

.PROC,ON.

ATTACH, ABS, ONSITEABS, ID=CNSITEDS.

COPY,ABS,LGO.

RETURN, ABS.

ATTACH, TAPELD, RMDONS, ID=ONSITEDB,MR=1.

REWIND, TAFEL(.

CONNECT, QUTPUT.

CONNECT, INPUT.

CONNECT, TAPES .

CONNECY, TAPEG.

REWIND,LGO.

L&0.

REVERT.

*EOR

.PROC,DONE*I, F*FILENAME FOR SCENARIOV=(*F)},
RYREAD PASSWORD FOR FILE"=(#A).

CATALOG, TAPE7 ,F, ID=ONSITE,RP=10,RD=R.

BATCH, TAPE7 , INPUT,HERE.

RETURN, TAPET ,

RETURN, TAPELG.

DISCONT,QUTPUT.

DISCONT, INPUT.

DISCONT, TAPES.

DISCONT, TAPEG .

RETURN LGO.

FILES.

REVERT.

¥EOR

.PROC, SEND*I, F™8NAME CF OUTPUT FILE TO BE PRINTED:"=(*F),

NWFIVE CHARACTER NAME TO IDENTIFY RUN"=(%*A},
BATCH,F,LOCAL.
REQUEST. X, *Q.
REWIND,F.
COPY,FaX.
ROUTE, X, DC=PR, FID=%N, TID=KT.
RETURN X.
FILES.
REVERT,
*EOR
*EQF

1,0-1
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Onsite Disposal Environment Salected Radionuclides - RMDONS, continued

NPZ37+D 7.82E+8 1 0 0 2.5E-3 23
PU2414D S.26E4+3 1 O 0 2.5E-4 23
SR89 5.06E+]1 1 @ 0 2.0k~1 23
Y 8GM 1.86E-4 2 1 0,0002 O 2.5E-3 13
SRRSO 1.04E+4 1 ¢ 0 2.0E-1 13
Y 90 2.676+0 21 1.0 0 2.5E-3 13
MO99 2.75E+0 1 O 4] 1.3E-1 13
TCooOM 2.51E-1 21 0.868 O 2.5E-1 13
TC99 7.7BE+7 3 2 1.0 1 0.132 2,5E~1 13
RU103 3.94E4+1 1 O 0 1.0E~2 13
RH1.03M 3.80E~2 20 0 1.3E+]1 13
PD103 1.70E+1 3 1 ,9974 0 .9997 5.0 13
1129 5.71E+9 1 0O 0 2.0E-2 12
Cs134 7.53E842 1 0 1.0 4] 2.0E-3 11
C5135 8.40E+8 1 0 0 2.0E=3 11
CS137 1.106+4 1 O 0 2.0E-3 ) 11
BA137M 1.77E-3 2 1 0.946 O 5.0E-3 13
CEl4al 3.258+1 1 O 0 5.0E-4 23
SM151 3.28+4 1 O 0 2.5E~3 23
U 235 2.59E11 10 c 2.5E-3 23
THZ31 1066+ 21 1.0 0 4,.2E-3 23
PA231 1.I9E+7 3 2 1.0 0 Z2.5E=-3 23
RCZL2Z7 7.95E43 43 1.0 0 2.5E=-3 23
TH227 1.87E+1 5 4 0.,9862 0 4.2E-3 23
FR223 1.51E-2 6 4 0.0138 O 0 23
RAZ223 1.14E+1 7 5 1.0 6 1.0 1.4E-3 23
NP237 7.82E+8 1 0 0 2.5E-3 23
PAZ33 2. 70+ 21 1.0 0 2.5E=3 23
U 233 5.79E+7 3 2 1.0 ¢ 2.5E-3 23
TH229 2.68E+6 43 1.0 0 4.2E-3 23
RAZ25 1.48E+1 5 4 1.0 0 1.4E~3 23
AC225 1.00E+1 6 5 1.0 o 1.4E~3 23
u 238 1.65E12 1 0 0.0 0] 2.5E-3 23
TH234 2.411=+1 2 1 1.0 0 4,.2E-3 23
PA234M 8.13E-4 3 2 1.0 0 2.5E=3 23
PAZ34 Z.81E-1 4 3 0.0013 0 2.5E-3 23
PUZ4Z 1,41E+8 1 O 0 2.5E-4 23
NP238 2.18E+0 2 O 0 2.5E-3 23
PUZ38 3.21E+4 3 2 1.G 2,584 23
CM244 6.61E+3 1 O 0 2.5E-3 23
PU244 3.02E10 2 0 4] 2.5E-4 23
U 240 5.886-1 3 2 0.999 O 2.56-3 23
PUZ40 2.39E46 4 3 1.0 11.0 2.5E-4 23
CcM243 1.04E+4 1 0 0 2.5E-3 23
PUZ243 2.06E~1 2 0 1.0 0 2.5E-4 23
AMZ43 2.70E+6 3 2 1.0 1 0.0024 2.,5E~4 23
NP239 2.36E+0 4 3 1.0 0 2.56-3 23
PUZ239 8.91E46 5 4 1.0 1 0.9976 2.5t-4 23
PUZ41 BE.26E+3 1 O 0 2.5E-4 23
AMZ241 1.58645 21 1.0 0 2.5E~4 23
0
1.C-23
~ e . ' ’\
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APPENDIX 2.B « MAXIZ COMPUTER CODE.ievuvevssnicarnssasansessanens

MAXI2 Computer Code Listingecescrnsesoscssannsearrassnsens
Sample MAXIZ Input File to Create FILEZ0 and FILE2l.......

APPENDIX 2.C ~ MAXI3 COMPUTER CODE..vcesacevnvavsonavssassnsrases

MAXI3 Ccmputel" CGdB L1St‘]ng............-....-.-..-.-....-n
Sample MAXI3 Input File te Create FILEZ24 and FILE25.......

APPENDIX 2.D - ISOSHLD INPUT FILES USED TO CREATE THE ONSITE

2.1-1
2.01-2
2,1-2

3.2-1
3.2-2
4.1-1
‘401 "2
4.3-1
4.3-2
4.3-3
4.3~4
4.3~5
4.3-6
4.4-1
4.5-1
4 .5-2
4.6-1

DISPOSAL ENVIRONMENT..vevsensanssesavsansaseoasannns
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IABLES
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Parameters Used for Calculation of Radiation Doses from
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Radionuclides Considered in the Onsite Disposal
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MAXII Modu1e Summaryﬂiul.l-ID.I.Itt0.-..-....-.-‘-0.-‘..'.
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ONSITE Common Block Definition and Usageieeeaseerasrsranas
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Onsi{te Disposal Environment BURIEDY ‘External), continued

U z238+D 5.2E-05
NP237+D 5.7E-06
PU2414D 1.6E~15

S5R89
Y 89M
SR30
Y S0
Mog9
TCOSM
TC99
RULO3
RH103M
P0103
1129
C5134
CS135
Csi37
BAL3ITM
CEl41
SM151
U 235
TH231
PAZ31
AC227
TH227
FR223
RA223
NP237
PAZ33
U 233
TH223
RA2Z5
AC225
U 238
TH234
PAZ34M
PAZ234
PU242
NP238
PUZ238
CMz44
PU244
U 240
PU240
CMz43
PU243
AMZ43
NP239
PUZ39
PU241
AM241

2.8E-07
0.0

1.5E-10
7.7E-06
6.6E-05
4 - 95-12
1.3E-14
7.9-05
0.0

3.0E-09
4 ,2E~-20
2.1E-03
1.9E8-17
4.1E~09
1.3E-04
9.3E-11
7.8£~30
2.6E-09
6.0E-14
6.0E-07
2.7E~15
6.5E-07
3.6E-06
1.7E-Q6
1.6E~16
5.7E-06
1.1E-33
4.6E-13
1.2E-13
4.6E~10
B.5E~33
1.6E~-14
3.6E-05

B e
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Onsite Disposal Enviromment BURIEDL (Externall

L.0M 100

H3 2.0
clia4 1.1E-19
NAZZ 9.28-03
P32 G.1E-07
P33 6.7E-06
5 35 0.0
CL36 3.0E~09
K 40 3.0E~03
CA4B 1.2E~16
sCa6 1.0E-02
CR51 B.GE~07
MNG4 71.9E~04
FE55 c.

FE59 7.3E~03
co57 5.4E-12
Co60 1.8E~02
NI59 0.0
NI&3 0.0
ZNBS 4 .6E~03
SE75 1.0E~05
SReS 7.7E-05
SRe0+D 7.7E-06
MOS3 '

NB94 9.4E-04
RULOE+D 2.1E~02
Cb16%  7.2E-16
AGL 10M+D1,4E-~02
IN1i1  4.3E-08
SBl24 4.8E~02
SB125+D 8.7E~05
I 12540 0.0

I 131+D 2.1E-05
CS137+D 1.2E-04
CEL44+4D 2,0E-03
EUr5Z  9.5E-03
EUl54 6.6E-03
18160 4.9E-03
08165  2.2E~04
0815F  1.4E-12
IR192  4.9E-05
HG203  3.5E-08
PR210+D 4.1E~C8
RA226+D 9.1E~08
TH228+D 2.9E-06
THZ30+D 9.1E-08
"H232+D 5.7E~03
U 233+0 4.BE-10
U 234 1.2E-14
U} 23540 3.0E-06
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INTRUDER GOSE PATHWAY ANALYSIS FOR THE ONMSITE DISPOSAL OF
RALTOACTIVE HASTES: THE ONSITE/MAXIL COMPUTER PROGRAM

1. INTRODUCTION

In January 1981, the U.5. Huclear FRogulatory Comrission (RRO) amended fts
regulation in order to minimize the risks asscciated with onsite land
disposal of radicactive materials by ifcensees. Current requlations
require that disposal of radicactive materials by Ticenseas, unless other-
wise authorized, be specifically anproved by the KRC pursuant to Section
20.302{a) of 10 CFR Part 20 {19841, This regulation states:

Yany licensse or applicart for a 1icense may apply to the Com-
micsion for approval cof proposed procedures to dispose of
licensed materiai in a manner not ctherwise authotfzed {n  the
reguiations in this chapter. Each application shoulg include 2
description of the licensod material snd any other racloactiive
matartal involved, (ncluding the quantitics and kinds of such
materfal and the levels of racigactivity involveds and the
proposed manner ana condit! s of disposal. The eappifcation
should alse 1inciude an analysis and evaluation of portinent
information as to the nature of the envirotment, inclTuding
topographical, geological, mateorotegicals and hydrological
characteristics; wusage of ground eng surface waters fn  the
gereral area; the nature and locations of other potontially
affected facilities; and procedures to bhe obsarved to minimize
the risk of unoxpected or hazardous exposures.”

The current policy of the NRC 1s to review all proposed onsito burtaels on &
caso~by-case tasis. Te<chnical assessments of proposead onsite disposals may
at times reguire modeling of the potential pathways To man and projecting
the mapnitude of potentiai radiatton dose commitmsnts., The objective of
this preject is to modify an existing patbway-to-man computer programs MAXL
{(Napter eof al., 1979), for use by the NRC Waste Managemont staff for con-
ducting human~intrusion, dosa-pathway analyses for onsite burtfal of low-
activity radicactive wastes. As part of this effurt, spectfic humzn
intrusion scenarios hava been developed that consider various potontial
combinations of direct exposure to penetrating radiation, inhalatfon of
airborne radlonualides, ingestion of agricultural products rafsed ta con-
taminated sofl, and ingestion of radionuc]ides in drinking water. Thosa
scenarfos are activated by running the ONSITE/MAXIL computer software
packaga.

The ONSITE/MAXNI1 software package contains four computer codes. ONSITE s
the interactive user fnterface that allows the end-user to simply and
efficlentiy create and use the raciation exposure scenarfos. MAXIL fs then
used with the scenario information to caiculate the maximum annual dose to
the exposed individual from selected pathways. MAXIZ generaztes inter—
mediate dose corvarsion factors for food pathways. These factors are

1.1
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Onsite Disposal Envirommant BURIEDHF (External), continued

\ U 238+D 1.2E-02
NP237+D 1.6E-02

SR89
Y 8coM
SRYO
Y 90
M099
TCO9M
TCG9
RUL03
RH103M
PD103
1126
CS134
CS135
Cs137
BAl137%
D CEl41
e §M151
U 235
THZ31
™ PA23)
— AC227
TH227
o0 FR223
RAZ23
Lo NF237
PA233
e U 233
THZ29
TN RAZ25.
L AC225
— U 238
TH234
O PAZ34M
PAZ34
,dﬂ‘ PUZ42
ey NP238
r PUZ238
CtM244
PU244
J 240
PUZ40
. CM243
// Puz43
AM243
i NP239
-~ 7 PUZ30
PUZ41
AMZ241

PU241+D 2.6E-09

1.8E~-04
0.0
5.5E-07
1.7E~03
4.4E-02
7.6E-06
7.8E~10
1.1E=01
2.BE~26
9.3E-05
6.3E~13
B.0E-01
3.4E-11
4.4E-06
1.5E~01
4 .3E-06
1.8&-19
8.7E-05
1.0E-07
1.8E-03
4.3E-09
2.4E-03
2.2E~03
3.SE-03
2.7E-08
1.6E~02
6.5E~19
7.1E-07
4.3E-09
1.4E-05
5.2E-18
4.56-08
9.1E-03
1.6
2.8BE-27
7.5E-01
8.4E-10
6.2E-27
0.
1.1E-13
8.4E~10
3.5E-04
2.1E-04
8.5E-10
7.9E-04
8.4E-10
.0
2.6E~09
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stored in data fites. MAXI3 calculates the data {tles containfng inter-
modiate dose convarsion factors for aquatic pathways,

In additfon, data files are provided that contain inhalation and external
dose conversion factors, These factors are calculated using codes external
to tho CNSITE/MAXIL software package. The Inhalatfon dose conversion
factors are calculated using the DACRIN (Houston. Strange and Watson 1974)
computor program. The exiernal dose conversion factors for verious wasts
dispcsal geomatries are calculated using the ISOSHLD (Engel, Gresnborg and
Hendrickson 1956} shielding program.

This report documants the resulting computer softwarae package. The documen-
tatfon of tha CNSITE/MAXIL computer software package has been written for
two mafor audfonces. The first audionce (Audience A) includes persons
concornad with the mathematical models and computer algorithms constdered
for onsite disposal of radioactive wastes, &nd the second audience

(Audtonce B) includes porsons concerned with exercising the computor pro-
gram and oxposura scenarios to obtain results for specific applications,
This documant 1s designad to function both as an instructional and a
referonce gocumsnt.

Sectfon 2 contains Information useful to Audience A concernfng the mathe-
matical mocels and cumputer algorithms used in the GNSITE/MAXIL computer
programs., Section 3 contains information useful to Audience B concerning
the procecuros for erecuting CHSITE/MAXIL computer programs. incluging a
discuyssion of sample problems and hand calculations performed to verify
correct operatfon of the computer program. Section 4 contafns additional
cetailis on the structure and organizatiun of the computer programs and is
proeviced for individuals who may be intorested In such detafls and thoss
who wish to mod{fy the computer programs. In addition, appondices are
provided that prosent listings of the computer programs. data libraries,
and dose conversion factors. Pago-~edge tabs have beon provided as refer-
ence points for Audiences A and B. To use these tabs, simply fen the pages
of the document unt!i the appropriate page-odge tab iz located.
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Engel. R. L., J. Greanborg., and M. M. Hendrickson. 1966 JISQSHED - A

de for General Purpose Isotope Shielding Analysis. BHwl-236,
Pacific Nortowest Laboratory, Richland, Washington.

1.2

h



Onsite Disposal Envirormant BURIEDHF (External)
CMSITE/RIOPORT EXTERNAL DRFS (BURIED AT 0.5 M) 9-APR-84 RAP
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0.5M 100
H3 0.0
C 14 1.2E-12
WA22 1.8
P 32 4.3E~04
P 33 1.56-03
§ 35 0.0
CL36 9.3E-06
K 40 3.8E~C1
CA45 1.9E~10
5C46 2.3
CR51 2.8E-03
MNG 4 4.4E-01
FES5 ¢.0
FES9 1.6
€057 8.4E-06
C060 3.7
NIG9 0.0
N163 0.0
ZH6S 9.4E-01
SE7S 1.5E-02
SR85 1.1E-01
SROG+D 1.7E-03
MO93 3.5E-34
NBG4 6,1E-01
RU1O6+D 2.6
ch1ag  5.5E-08
AGLIOMADZ .6
INI1}  1.3E-03
58124 4,2
§B125+D i.1E-Q1
I 12540 1.2E~34
I 131+D 4.0E-0Q2
CS137+D 1.4E-01
CE144+D 1.ZE-0O1
EUL52 1.6
EU154 1.4
TB160 1.1
05185  2.0E-0L
0S19t  2.2E-06
IR192 9.0E-02Z
HG203  1.1E-03
PB210+D 5.0E-95
RAZ226+D 1.3E-04
TH228+D 1.6E-03
TH230+D 1.3E-04
TH232+0 1.1
U 23340 1.4E-05
U 234 1.9E-08
U 235+D 8.3E-03

1.¢-18




[P

Napier, B. A., G. R, Hoenss, W, E. Kennedy, Jr., and E. C. Watson. 1979.
"The Maximuim Annual Dose Resulting from Residuval Radioactive Contamina-
tion," Paper pressnted at the 24th Annual Meeting of the Health Physics
Socfety, July 8-13, 1979, Philadelphia, Pennsylvania. PNL=-SA-~7495,
Pacific Northwest Laboratory. Richland, Washington.

1.3

LRk Py e <



QPR L o T B

R

=

e TR Mk ot

HEEL -t T TS p—

Onsite Disposal Environuent YOLSCURC (External), continuad

U 238+D 5.6
NPZ3T+) 7T.1E401
PUZAL+D 1.1

Skg9
Y BoM
SRaQ
Y 80
K099
TCOSM
TC39
RU103
RHIO3HM
PD103
1129
Cs134
C813%
8137
BAL3TM
CEl4l
SK151
U Z35
TH231
PAIEL
AC227
TH22?
FR223
RA£23
NP237
FAZ33
U 233
TH229
RAZ2S
AC225
U 238
THZ34
PAZ34M
PAZ34
U242
NPZ38
PU226
CHz44
PU244
U 240
PU240
CMz43
PU243
AMZ43
NP239
PU239
FPUZ41
AMZ41

6.1E-01

2.4E+02
1.0E+0}
2.4E-04
Z2.0E+0L

L I ] - .
m l'f"II;l"I
& &b
e

*

L]

E-01

7T
o
—

.

N
HEONOONNO SO O WIWW
i
ot

1E-04

.BE-03

HMORNWWRNNNWOHRNRN G NW SO OO0 b 0N 0
a
28]
&
1 X

1.C-17

e s e e e =




8 0

3

4

2

9 2

2.  MATHEMATICAL MODELS AND COMPUTER SCFTWARE FOR ASSESSING ONSITE
DISPOSAL IMPACTS

This section contains descriptions of the radiation-exposure scenarics,
mathematical models, computer programs. and data bases for assessing the
potential doses to intruders at onsite waste disposal sites using the
ONSITVE/MAXI1 computer programs. The information in this secticn is
designed to be useful to Audience A, as identified in Section 1. concerning
the ONSITE/MAXI1l computer software package. First, the method used for
assessing potentiat doses to intruders is prasenved, followed by a discus-
sion of the computer implementaticn of that method, and a description of
the associated data base.

2.1 Definition and Solution of the Problen

In the Draft and Final Environmental Impact Statements {n support of 10 CFR
Part 61 (U.S. NRC 1981; U.S. NRC 1982), the NRC modaled the potential
exposure pathways to man from buried radioactive wastes. In their analy~
sTs, the NRC identified four human-intrusion scenarios to account for the
actions of man after the Toss of Institutional controls (U.S. NRC 1981,
Apn. Hs p. H-15}:

+ Intruder=Construction Scenarig. An individual excavates at an
abandoned disposal site to build a house.
e Intruder-Riscovery Scenarig. This scenario is a subset of the

intruder-construction scenario and also fnvolves excavation into a
closed site. The time over which the excavation proceeds {s reduced
compared to the intruder-construction scenario.

» Intruder-Agriculture Scenario. An {ndividual 1ives in a houss built
on a closed disposal site surrounded by contaminated soil resulting
from the intruder-construction scenario., The individual consumas
vegetables grown in the contaminated soil.

- - [ rjo. An individual uses contaminated water from an
onsite well.

The disposal timits that result are based on an annual 500-mrem total)-body
dose to the maximally exposed individual who intrudes after 100 years of
site control. Of the four human-intrusion scenarios defined, only the
intruder-construction and intruder-agriculturs scenarios control the deter—
mination of disposal limits.

For the assessment of risks assocfated with onsite disposals an approach
similar to that applied in the DEIS fn support of 10 CFR Part 61 is used.
That is, radiation-exposure scenarios are established for the maximally
exposed individual {an intruder) and a means of determining the resulting
radiation dose is provided.
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Cnsite Disposal Environment YOLSQURC (External)
ONSITE/BIOPORT VOLUME SCURCE SURFACE EXTERRAL DRFS 10-AFR-84 RAP
VO LU 100
~ H 3 0.0
- C 14  6.2E-04
KAZZ  5.1E+02
P 3z 9.8E-01
P 33 1.0
v $35 0.0
’ Ct36 2.8E-Q01
K 40  7.0E+01
. CA45  2.BE-D3
5C46 B.4E+02
) CRSL  1.26+01
MN54 3.3E+02
FESS 0.0
FESS  4.7E+0Z
€057 2.1E401
CO60  1.0E+03
<« NIS9 0.0
gag NI63 2.5E-14
R ZNES  2.7E+02
o8 SETS 9.6E401
SRS 2.0E402
e SReO+0 2.1
M3 1.4
on NB94  6.0E+02
S RULOG+D 1.0E+03
1A cD108 7.6
AGL10M+D1 . 2E+03
- o INI1L  7.BE+0)
SE124  B.GE+O2
o SBL254D 1.9E+02
I 125+D 8,.8E-0)
- 1 1314D 1.3E+02
’ CS137+D 2.3E+02
—N CE144+0 2.9E+401
EUISZ  4.7E+4)2
o EUL54  4.9E+02
TBI6O  4.4L402
0S185  2.7E+02
05191 8.0
. IR192  2.7E+02
s HG203  4.9E401
. PB210+0 3.5E-01
RA226+0 1.3
TH228+D 3.4E+01
THZ30+D 1.3
3 TH232+D 3.8E+02
N U 233+D 4.3
> U 234 6.58-02

U Z35+0 8.3E+01
1.€-15
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Five scenarfos are identifled as befng of potential fnterast in assessing
doses to intruders at onsite disposal sites.

(1} External Exposure Scenario. An individual is assumed to work in an

area previously used for onsite disposal. Surface sofl contamination,
wastes buried at depths of 0.5 mor 1.0 m: or entry into a room {or
vault) that 1s used for waste storage or disposal are constdoered.

(2} External Exposure Plus Inhalafion Sceparie. An individual is assumed
to work in an area with 1imited surface-soil contamination.

(3) Agricultural _Scenarin. An individual 1s assumod to raise his annual
diet {or a fraction of it} in soil contamtinated by the onsite disposal
of radicactive wastes. External exposure and inhalation of resus-
pendaed radicnuclides in sofl are considered.

(4) Irrigation/Drinking=Water Scenaric. An individual is assumed to use a
water supply contaminatoed by radionuclides from an onsita disposal
site for frrigation ang/or drinking. In adoitfen, external exposure
and inhalation of resuspended radionuclides that are deposited on the
surface of the s¢il by the irrigation water are consiaered.

(5} Usar-Defingd Ocenario. The user may construct his own scenarfo by
selecting expusure pathways and defining conditions described 1n the
ONSITE/MAXIL cumputer software package.

This section contalns descriptions of the pathway analysis models used for
these sconarfos with a definition of the required environmental criteria,
descriptions of the ccenarics as they are tmplemented, and descriptions of
the mathematical models.

2.1.1 Applying the Pathway Analysis Models

The above scenarios can be simulated with the pathway analysis mathematical
mogels. When viewad as a collection, the interrelationships of these models
iare coplex. An overview of the pathway analysis methous at this peint in
the discussion will faciflitate understanding of the model application.

Programs tn the ONSITE/MAXIl computer software package can be used to
calculete dose conversion factors for & given satting or Tenviromment.”
The MAXJ]l computer program uses these factors during subsequent scenarioc
simulations to calculate dese to man for selected exposure pathways. An
Yenvironmnt! defines radionuclides that are Tikely to be present at a
waste sfte, general agriculturai and aquatic practices of the geagraphical
area, and tre general lifestyle of the intruder. For example, the "envi-
ronment"” migat establish that the {ntruder grouws a garden on the disposal
sfte. The amount of produce, including animal products grown on the site
and consumad by the maximum individual, would be defined. Scenarics can

2.2
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Onsite Disposal Envirorment FILE25 (Drink). page )

Incremental Drinking Water Dose Factors - ONSITE/BICPORT Env, 16-APR-84 RAP

Hz20
1 &

H 3

C 14
NAZZ

P 32

P 33
CA4S
SC46
CR51
MNG4
FEsS
FERG
cos7
060
NISO
R163
ZHNB5
SE75
SRB5
SR90+D
H0OG3
N394
RUI 064D
CD109
AGLIOM+D
SB124
SB1Z5+D
1 125+D
I 131+4D
CS137+D
CE1444D
EUL52
EULS4

© TB16O

IRiQZ

KG203

PB210+0
FIA2264D
THZ28+D
THZ230+D
THZ3 24D
U 232+0
U 224

U 2354D
U 23840
NP237+D
PUZ41+D

-
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2.57E-08
2.40E-07
6.54E~06
1.18E-06
2.34E-07
1.15E-07
3.70E~10
9.1GE-10
1.78E-07
9.258-09
2.58E-07
2.45E-08
3.97E~07
2.39E~08
€.50E~08
5.38E-07
6.40E~07
4,39E~07
3.87E-06
7.83E-08
3.73E-09
7.3BE-08
5.68E~09
2.63E-08
3.49E~07
1.27e-07
1.17E-06
1.06E-06
1.68E-05
1.03E~-09
6.68E~10
9.67E-10
3.8B0E-10
1.09E-07
9.97E-07
2.05E~05
1.34E-03
8.35E-Q7
1.97E=-07
2.55E-07
1.G3E~05
1.01E~05
9.47E-06
8.85E~06
2.0CE-07
2.73E-09

4
23
0.00E+00 0.00E+Q0 0.00E+00
1.05E-06 0.00EHD 0.00E+00
0.00E-00 0.00E+00 C.00E+0Q0
3 .05E~05 0.00E+00 0.00E+DD
6.290-06 N.00E+00 0.00E+00
5.162-06 0.00E+Q0 0.00E+00
&.50E-10 0.00E4+00 0.0CE+Q0
0.00E+0D 1.89E-09 5. 46E=10
0.COE+U0 0.00E+Q0 Q.00E+C0
4,30E-08 1.39E-08 0.00E+D0
3 .10E-07 1.85E-07 0.00£+00
0.00E+D0 0.00E+(J 0.0CE+QQ
0. 00E4+00 0.00E+Q0 Q.00E4G0
1.22E-07 0.00E+00 0.00E+00
1.66E-06 0.00E+00 0.00E+00
3.60E-07 U.00E+H0 0.00E+Q0
0.00E+00 0.00E+Q0 0.00E+0C
3.63E-07 C.00E+HC 0.00E+Q0
1.44E-05 0.00E+00 0.COE+00
0.00EH0 0.00E+420 0.00E+00
0.00E+00 0.00E+00 0.00E+C0
5 H4E~(7 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
4.36E~08 0.005+00 0.00E+00
8.27E-07 6.78F-07 2.31E~0%
4. 16E-07 3.65E-07 &.,25E-10
5.46E-06 0.00E+0O0 9.60E-04
1.31E-06 0.00E+0D 6.07E~04
1.70E-0G5 2.68E-06 0.C0E+00
1.63E~08 0.00E+00 0.00E+00
1.76E-09 0.00E+00 0.00E+00
6.19E-09 0.00E+00 0.00E+00
3.01E-09 0.00E+00 0.00E+00
0.00EHIO 0.00E+00 0.00E+0G
0.00E4+00 0.00E+00 0.00E+00
2.85E~04 0.C0E+00 0.00E+00
1.34E-03 0.00E+00 0.0QE+QQ
2.46E-05 0.00E+00 0.00E+D0
6.93E-06 0.00E+00 0.00E+C0
7.T2E=-06 0.00E+00 0.00E+00
1.,12E-04 0.00E+4+00 0.00E+00
8.31£~05 0.00E+Q0 0.00E+30
7.96E--05 0.00E+00 0.00E+00
7.62E~05 0.00E+QO 0.00E+00
4,59E-06 0.00E+00 0.00E+00
7.59E-08 0.C0E+D0 0.00E+O0
1.C-15
AT

0.00E+00
1 .6BE~G7
4,Z4E-06
4 .02E-06
5.00E-07
4.12E-07
7.55E-06
2.84E«(7
3.41E-06
1.06E-07
3.26E~06
4.31E-07
3.9LE~CH
6.72E-08
1.83E~07
1.88E-06
0.00E+00
0.00E+00
6.78E-06
L.38E-07
1.22E-05
4.33E-05
0.COE+CO
2.05E-05
3.06E-05
7 .68E-06
1.38E-07
5.61E-07
§.22E~07
1.60£-05
2.459E~-06
5.33E~06
4.17E-06
B.G5E-06
1.58E-06
2.37E~05
1.13E-04
1.92E-04
2.05E~05
1.74E~05
2.12E-05
2.07E-05
2.63E-05
1.85E-D5
2.70E-0S
4 .BOE-Q7
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then be definod within the context of the “enviromment.® A scenario indi-
catas pathways of interest, further defines the life style of the maximum
individual, identifies the source and location of the contamination, and
quantifies the inventory. A scenario modifies the maximum individual's
1ife style assumptions by fndicating amounts of exposure and by applying
percentage factors to established dose rates.

The definition of the “environment" is an intermediate step that simplifies
scenario creatfon and streamlines scenario executions. Scenario creations
are simplified because the number of parameters that must be defined 1s
substantially reduced. Scenarios execute more efficiently because many
repetitive calculations have been el iminated. Dose conversion factors that
apply to the defined "envircomment™ are created by auxiliary programs in the
software package (MAXIZ and MAXI3) and are stcred in the data hase where
they canh be accessed during the scenario simulations controlled by the main
computer program, MAXIL,

The following sections contain discussions of the defined “environment" and
the mathomatical models to be used for the five intruder scenarios, and the
mathematical models to be used for onsite disposal sites.

2.1.2 Onsite Disposal "Enviromnment" Dascription

The "env ircnment” defined for onsite disposal assures Intruder activity at
an onsite low-level waste disposal site. The reference "envircnment" is
based on a site with an area of 1 ha; however, area correction factors may
be included to consider smaller sites. The intruder may be exposed to
radioactive contamination via any of the following pathways: external
exposures inhalation of rosuspended contaminants, ingestion of farm pro-
ducts grown on a contaminatea site, consumpiion of drinking water irom a
contamirated well, or ingestion of aquatic food products frosi a contami-
natad vater source, For external exposure, wastes may be Tocated on the
surface, burifed.at 0.5 or 1.C meter depths, or stored in a room-type
structure. The intruderfs entire diet for the reference "environment™
corsists of vegetables, frufits, and animal products grown on the site.
Tatle 2.1-1 contains a 1isting of the intruder's terrestrial tood product
diet ang Table 2.1~2 contains a listing of the intruder's aquatic food
product diet for the reference Yenviromment,”! The {ntruder is assumed to
drink 1.2 1iters of water per day from a contaminated well. Contaminated
farm products may result from radicactive wastes located on the scil sur-
face or from irrigation with contaminated water. The radionuct ides
expectad to be of interest in the reference "enviromment" are listed in
Table 2.1-3. This list includes 100 radionuclides that might come from the
use of radiopharmaceuticals or industrial sources. or from wastes generated
as part of the commaerciel nuclear fuel cycla.

2.3
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o Onsite Bisposal Environment FILEZ4 {Aguatic), page 1

i Incresontal Aquatic Feods Dose Factors - CNSITE/BIOPGRT Env. = 10-APR-B4 RAP

ot .. FISH 50 92 5

Pl ' 1 6 8 1 23
3 2.61E-08 0.00E+00 0.00E+00 0.00E+0D 0.00E+CO
C 14 1.76E-05 T.7:E-Q5 0.COE+00 0.00£+00 1.24E-05
NAZ2 1.80£-05 0.00E+00 0.00E~0Q0 0.00E+00 1.17E-05
P32z 4.64E-03 1.206E-01 G.00E+HO 0.00E+00 1.568=-02
B 33 9,20E-04 2.48E-02 0.00E+00 Q.00E+00 2.00E-03
CReS & . 76E-GT 2.14E-05 ¢ .00E+00 0.0GE+00 1.71£-06
5C46 4.,08E-10 T.18E~1C 0.00E+C0 0.00E+0C B.34E-06
CR51 1.238-09 0.00E+00 2.55E-09 7.37E-10 3.,84E-07
MME S 2. 42006 0.00E+00 0.00E+00 0.00E+00 4.54E-05
FESS B8.21E-08 3.82E-07 1.24E-07 0.00E+00 9.45E-07
FESD 2.37E~06 2.758-06 1.73E-CH 0.00£400 2.90E-05
Cas7 1.2 E-QT G.00E+O0 0.00E+00 0.00E+0D 2.13E-06
OG0 1.96E-06 0.005+00 C.00E+O0 Q.00E+00 1.93E-05
NI&Q 2.126-07 1.08E-06 0.00E+00 0 .0CE+HO 5.96E~07
Nib3 5.77E-07 1.47E-05 C.00E+CO 0 .D0E+DD 1.63E-06
INES 4, 29E~05 2.8B7E-05 0.00E+CD 0.00E+00 1.50E~04
3E7S 2.78E-06 D.00E+00 0.00E+00 0.00E+00 0.00E+00
SR8E 1.48E~00 1.228~06 0.00E+00 G.00E+00 0.00E+00
SRI0+D 1.30E-0% 4% ,B85E-05 0.COE+Q0 0.C0E+00 2.,2BE=05
MC93 Q,2CE~-08 0.00E+00 0.00E+0D 0. 00E+00 6 .26E-07
NBG4 Z.5ZE~06 0.00E+00 0.0QE+C0 G.00E+DO 8.23E~03
RUI06+D G9.711L-08 7.42E-0Q7 0.00EH0 0 .00€+00 5.69E-05
co109 3.55E-08 0.00E+00 0.00£+00 0.00E+00 D.00E+00
AGL1OM+D 2.77E~G8 4,5¢9E~08 0 .0CE+00 0.00E+00 2.16E~05
58124 3.56E-07 8.43E-07 6.91E-07 2,36E~09 3.12E-05
$B125+D 1.30£-07 4,25E-07 3.72E-07 6.38BE-10 7. 83E-06
I 125+D 1.52E~06 7.07¢~-06 0.00E+00 1.24E-03 1.78E-07
1 131+0 1 .3BE-06 1.70E-08 0.00E+00 7.86E-04 7. 26E-07

C5137+D 6.06E~04 6.126-04 9.65E-05 0.00E+00 3.32E-05
CE144+4D 1,11E-09 1.76£~08 ¢.00E+0OC 0.00E+00 1.73E-05

Eul52 1.98c-09 5.236-09 ¢.C0E+H00 C.0DE+0Q0 7.40E-06
EuLs54 2.87E-0% 1.84E-08 0.0DE+QG 0.C0E+00 1.58E-05%
.. TH160 1.13E-09 8.95E-09 Q.COE+Q0 0.C0E+00 1.24E-05
‘ IR192 5.39E~07 0.C0E+00 0.00E+00 0.00E+O0 4.42E-05
k) ] HE203 G.29:~-04 0.00E+Q0 0.00E+Q0 0.00E+CO 9.9%E~04
I/ PELIO+D 5.63E-05 B.1Z2E~D4 0.0C0E+D0 0.00£+00 6.52E~D5
- f RAZ226+D 2.84E-03 2.85E-03 0.0CE+QQ 0.00E+0D 2.40E~04
x.ﬂi TH228+0 1.40E-06 4.13E-05 0.00E+00 0. 00E+DG 3.21E-04
r ﬁ\ : THZ30+D 3.79E-07 1,16E=-05 0.006+00 0.C0E+00 3.43E~05
2 THZ52+D 4. 27E=07 1.29E-05 0.00E+CO 0.C0E+C0 2.92E-05
s U 233+D 1.08E~05 1.17E-04 0.00E+CO 0.0CE+O0 2. 21E~-Q5
: B 234 1.05E-05 8.69E=05 0.00E+00Q 0.00E400 2.17e-08
T U 235+D G.88E~06 B.32ZE-05 0.00E+00 0.00E+00 2.75E-05
) 1r : U 23840 2.25E-06 7.96E-05 0.00E+Q0 0.00E+20 1.94E-05
B NF23T7+D 2.45E-0G7 5.63E-06 0.C0E+00 0.00E+00 3.31E~05
: PU241+D Z.94E-09 8.19e-08 0.00E+Q0 0.00E+00 5.17E-07
.1:__"‘.
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Table 2.1-1. Parameters Used for Calculation of Radiation
Dose Factors from Consumption of Foods

Growing Period

Food {days)

Leafy vegetables 90
Other aboveground €9
vegetables

Root vagetables S0
Fruit 90
Wheat and grain 90
Eggs S0
M1tk 30
Beef 90
Pork 90
Foultry a0

Yiel

(ol

1.5

0.70

9.0
1.7
0.72
0.84¢c)
1.3 (¢)
0.84'¢)
p.g4tc)

0.84¢¢)

(a) Time between harvest and consumpiion.

(b} These rates are obtained from Regulatory Guide 1.109 (LS. NRC 1977)
and prorated by food category using the fraction of total conrsumed by
an average individual as calculated from Napier (Table 8 1981).

() Yield of animal feeds (i.e., grain or pasture grass).

{(d} Units of-1iters/year.

Table 2.1-2.

Holdup Consumption
(ds i)(a) !I;fHEEEZ(b)
1 9.5
1 9.5
1 76
10 42
10 51
2 19
2 110¢9?
15 39
15 29
2 8.5

Parameters Used for Calculation of Radiation

Doses from Drinking Water and Aquatic Foods

Mixing
—FPathway = Ratio.
Fish 1.0
Drinking Water 1.0

Honup()
(dﬂl!ﬁ‘ a

1.0
1.0

Consumption

6.9(P?

438{c

{a} Time between harvest and consumption.
(b) Rate obtained from Regulatory Guide 1.109 (U.S. NRC 1977).

{c) Rate based on scenario assumption of 1.2 L/d.

2.4

Consumption

—Aoits
kg/yr
Lyr
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/ J Onstte Dispesal Environwont FILEZS (Afr), page 1
13¢ DACRIN (DIFDOS)Y DOSE INCREMENT FILE CNSITE/RIOFORY E£NV. 16~APR-82 RAP
= : 1 & a8 <3 Z3
T~ H3 0 o 2
.. H 311 11.088-06 L0 1.05E=05  1.958-0% +11]
H 312 5.328~08 00 S5.32E-08 S5.I7E-0B L0
Cla 4 8 0
o4 1411 2.39E-06 1.08E-05 2.365-08 2.36F-086 2.06E-06
- c 141 2 L.O0lE-G7 1.9TE~-0S @ ,0YE-07 1.01E-07 1.Z73E-l0
. C 14 1 3 00 3.51E=Q9 Reiy] JiG 00
- c 141 4 00 6.37E-12 J0 L0 00
. KAZZ 2 4 21
i ' NAZ? PI 7.2°0-0% C.00E+Q0 S.01E-05 L, 00FE«00 1.16E-06
- KA22 L 2 3.330-06 0.00E+00 6.90{-0B 0.00F+00 6.BSE-10
hAZ2 21 6.82e-0% 0.00F«00 2,37F-D3 O.0DE+Q0 3 .62E-05
) . NA2Z 22 S.658-06 0.00E+00 S.32F-04 O0.0DE+Q0 1.35E-06
o KRAZ2 23 Z.BBE-08 O.00E+00 2.57F-06 0,00E+00 6&.241-09
,' NAZ22 2 & 1.826-10 O,00E+00 1.23E~08 O.COFE+00 3.278-11
- KAZZ 31 5.80E~05 O0.00E+0C 6.D3E-D3 0.0CL+00 3.71E-05
"‘\~ NA22 32 6.7 1-00v O.0UE+D0 T.4CE-03 O.0CE+Q0 1.87E-0b
' HAZ2 33 l.B4AE-CH O.00E+00 3.42E-03 OQ.00E+Q0 B.29E-07
™Yy KAZ2 3 4 9.47E-07 0.00E+00 1.58F-03 OQ.00F+00 3.83E-07
N NAZ2 325 A4.9%E-07 (Q.Q0E«00 7.28E-04 O0.,00E+00 1.77E-07
'ﬂﬂ NA2Z 3 6 2.65E-07 O.00E4+00 3I.3TE=04 O.0DEH0 8.17FE-08
HAZZ 37 1.43E-07 O.00E+0C 1.55E-04 O.00L£+00 3.76E-08
— NAZ2 3 8 T.85E-08 Q.00E+0 7.1BE-05 D.DOE40Q0 1.T4E-DSB
KNA22 39 4.36E~08 0.00E+G0 3.31E=~05 O.C00E+Q0 B8.03E-09
oA NAZZ 310 Z2.45E-0B J.00E+00 1.52E-~05 {.00E+00 3.6%L-09
/' NE22 311 1.39E-08 0.Q0E+GD 7. 05E~06 Q.00F+00 ). T2E-09
Sy, HA2Z2 312 7.97E-09 OQ.00E+00 3.25E~06 O.00L+00 7.B5E-10
NAZ2 313 4.61F-0% 0.00E+00 1.51E~G6 G.00E+00 3.64E-10
- nAZ2Z 314 2.67E-09 D.00FE+00 6.91E-G7 O.0CE+Q0 1.67E-10
A NA2Z 315 1.57E-0Y 0.C0E+00 3.20E-07 0.D0£+00 B.00E-11
N ot MAZZ 316 9.0GE-10 O,0CE+D0 1.49E=07 O0.00E+00 3.64E-11
NAZZ 317 5.3BE-10 O0.0DE+00 6.71F-08 O0.00£400 1.456E-11
— KAZZ 318 3.20£-10 O.00E4+00 3.17E-08 O0.0CGE+00 1.09E-1}
S NA22 319 1.82E~10 O.0O0E 00 1.496-08 O0.00E+00 0.0OE+C0
o | NAZ2 320 1.16E-10 O.LOE+0D 5.59E-09 O.0CE+ 00 3 .64E-lZ

RA2Z 321 6.55E~11 O.0CE+00 3.73E-09 O0.00L+00 0.00E+00
o~ NAZZ 322 3.64E-11 OQ.00E+00 1.86E~09 O.00E+00 O.COE+00
- KAZ2 33 2.18E-11 0.00E+00 Q.006+G0 0.008+00 0.00E+00
NAZ2 324 1.46E-11 O.00E+00 O0.00E+00 O0.00E+00 O.C0E+QO
MAZ2 325 T.2BE-12 0.00E+G0 1.86£-09 0.00E+30 O.00E+Q0

L NA22 326 7.28E-12 0.00E+00 0.00E+00 0.00E+)0 0.00E+00
- NA22 327 7.78E~12 O0.00E+CC 0.C0E+00 0.00E+00 0.00E+00
i P 32 2 2 2
C P32 11 3.79-05 9.76E-04 4.18£-05 0.006+GO 2.58E-05
e P32 12 2.186~06 5.856-05 7.98E-08 O0.00E+00 1.53£-09
e P32 21 2.56E-05 6.626-04 S5.85E-04 0.00£+00 6,S6E-05

.7 P32 22 1.57€-06 4.24E-05 2.SSE-05 0.00E+00 2.50E-07
. P32 31 2.30E-05 5.95E-04 7.156-04 0.0CE400 7.77E-05

1.C-13
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Table 2.1-3. Radfonuciides Considered ia the ONSITE Disposal "Environment!

Radionuclide Radfonuciide Radionuclide

14 152 141p.
C AEU Ce
22a 15 Eu 151,
32 1601, 235
BBE 1854, 231$h
35¢ 1915 Blp,
3604 192y, 227 ac
40y 203Hg 227y,
43ca 210%p+p 223,
465 226p.4p 223pa
51 228 237
Cr Th+D >
54mn 2307h4p 233py
55p 232vp4n 233,
59¢q 2334p 225+,
! 234 225
6o U Ra
80¢, S 225pc
59, 236 238
N U+D U
®3ny B7yp+ 2345,
652“ 241PU+D ?Jdea
7550 89¢.. Bé4p,
85¢, B9y 242p,
S0¢rnfal g0 238
Mo | 0y 2385,
94y 9o 244,
106040 9Smy. 244p,
109 99 240
Cd Te u
lllIn 103mRh 243Cm
124 103 243
Sb Pd 3Pu
125540 1294 243 pp
125¢.n 1340, 239y,
131 135 239
I+D Cs Pu
ET 137¢, 241p,,
241Am

{a) Where +D means plus shart~lfved daughters in equilibrium.

2.5
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- Oasite Disnosal Environment Stored Maste R0 (external}, continued
..

U 384D 5.6
HE2ATHE 7.1E40L

= PU&I4D 1.1
SR39 G E~0)

Y 658 0.0
SROD 20802

Y @0 2.1
e HOSS §.45+01
. TCOPE 1.9E+01
—— 7089 4.0E-03
RULOY  2.08+02

FHIGIM 5.1E-02
POIO3 2.8E-C1
- 1129 4.3E~01
C5134, G.7E+QZ2

, 5135 1.3E-03
w £S13T  4.2E-02
BALITR  2.4E+02

o CE14)  1.0E+D1

SMI5]  2.4E-04

™M § 235 2.CE+0L
- ™M231 1.3
o™ PAZ3L 9.3

AC227 1.3E-Q2

"T' T™M2TT  2.6E8401
o FR223 8.0
- RAZZY  2.7E+01
N P37 2.0
—_— PAZ33  6.5E401
_ g 233 4.20-03
- ™229 1.9
o RAZ25 6.6E-D1
e RCZ25 1.7
- U 238 9.8F-03
THZZ&  7.6E-01
o~ PA2344 3.4
- PA23&  7.2E+02
[o 33 PUZ42  B.1E-04
" NPZIB  2.48402
PUZIS  2.9E-02
CM244  1.86-03
- FU244 6.BE-07
U 240 3.4E-02
EN FUZ0  2.7E-03
Lo CM2453  2.6E+01
o pU2E3 2.7
“\\ '] A-“:.’-‘J 3-6
Cans NP239  3,0E+0}
D PUZ39  2.9E-03
€ gy PuU2aL  2.9E-12
&\ A24r 1.1
1.C-12
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2.1.3 Onsite Disposal Scenarfc Descriptions

Five scenarios are identified for onsite disposal in Section 2.1.1. They
are designed for use In assessing doses to intruders at onsite disposal
sites with default site size of 1 ha. These scenarfos are defined within
the Menvironment" described in Section 2.1.2. Detailed descriptions of the
scenarfos as they are parameterized for simulation are given below.

{1) External fxposure Scepario. An individual 1s assumed to work for
2000 h/yr in a 1l ha area previously used for onsite disposal. Exter-
nal exposure factor files are supplied to consider surface-soil con-
tamination, buried wastes at depths of 0.5 m or 1.0 ms or entry intec a
room (or vault) that is used for waste storage or disposal. For soil
contamination, the ianventory is modified by a factor of 0.2 to account
for dilution. Only tota'-body dose is calculated. The user selects
the tocatton of the wasts {e.g., surface, buried. or stored) and
supplies the waste invenzory. The user may modify the amount of
radioactive decay before axposures the dilution of the waste {during
exhumation activities), the reference site size, and the duration of
exposure,

(2) Extornal Exposure Plus Inhalation Sceparig. An fndividual is assumed

to work for 2000 K/yr in a 1 ha area with surface-soi} cortamination
resulting from a waste exhumation event. Air concentrations of radio-
nuclides are calculated using a resuspension equation by Anspaugh et
al. (1975). For the resuspension equation, the age of the contami-
nation at the beginning of the scenario s assumed to be 0.0 and the
top L0 centimeter of the contaminated surface soil 4s assumed to be
available for resuspension. Doses to total vody, bone, Tungs, thy-
rofd, and the lower Jargs intestine (LLI} of the GI tract are calcu-
lated. The dilution factor {accounting for exhumation activities)
appTied to the inventory is 0.2. The user provides the waste inven-
tory. The user may modify the amount of radiocactive decay bafore
exposure, the duraticn of the exposure, the refarence site sizes and
the inventory dilution factor. He may also opticnally select a mass-
lToading equation. and specify fewer crgans. This scenario is similar
to the intruder-construction scenarfo described in the DEIS for 10 CFR
Part 61 (U.S5. NRC 1981}.

(3) Agriguliural Scepario. An individual is assumed to raise his entire
dfet in a 1 ha area of soil contaeminated by the onsite disposal of
radicactive wastes. The individual is assumed to be exposed 2000 h/yr
by external exposure and by inhalation of resuspended radionuciides in
sofl. Again, the air concentration resulting from resuspension is
calculated using the equation by Anspaugh et al. (1975) with param=-
eters pressntcd for Scenario 2. Doses to total body, bone, Tungs.,
thyroid, and LLI are calculated. The user furnishes the waste fnven-
tory to which a dilutfon factor of 0.2 fs applied. Modifications can
be made to the amount of radifoactive decay before exposure, the dura-
tion of the exposure, the fraction of the total diet grown on the

2.6
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Onsite Disposal Fnviromment Stored Waste ROOM (External)

ONSITE/BIOPORT ROOM MODEL EXTERNAL DRFS lO-APR-h4 RAP

ROOM 100
H3 6.0
C 14 6.2E-04
NAZ2Z 5.1E+02
P 32 9.8E-01
P 33 1.0
S 35 0.0
CL36 2.8E~01
K 40 7.0E+0)

CA45 2.BE-03
SC46 8.4E+02
CR51 1.2E+01
MN54 3.3E+02
FEB5 0.0

FCE9 4.7E+02
CO57 2.1E+01
Cco560 1.0E+03
NI59 6.0

NI63 2.5E-14
ZN65 2.7EH02
SE75 9,6E+01
SR85 2.0E+02

SROG+HD 2.1
MO93 1.4
NB94 6.0E+02
RUL06+D 1.0E+03
£blos 7.6
AGL10M+D1 .2E+03
IN11l  7.BE+01

sB1z24 8.6EH02
SB125+D 1.9E+02
I 125+0 B8.8E-D1
I 131+D 1.3E402
CS137+D 2.3E+02
CE144+D 2.9E+01
EUL5Z 4.7E+02
EUl54  4.9E+02
TB160 4.4E4+02
05185 2.7E+02
051381 8.0

IR192 2,7E+QZ2
HG203 4.,9E+01
PB210+D 3.5E-~01

RAZ26+D 1.3
TH2284+D 3.4E+01
TH230+D 1.3
TH232+D 3.8E+02
U 233+D 4.5
U 234 6.9E-02
U 235+D 8.3E+01

1.C-11
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stte, the reference site size, and the dilution of the waste. As in
the previous scenarios, the user may substitute the mass-loading model
and specify fewer organs. This scenario is similar to the intruder-
agriculture scenario described in the DEIS for 10 CFR Part 61 (U.S.
NRC 1981).

-Water Scenaric. An individual 1s assumed to use a
water supply contaminated by radionuclides from an onsite disposal
site for irrigation and/or drinking. The user is required to thput
the concentration of each radionuciide in the water supply. The
expgsed individual is assumed to irrigate his field at a rats of 150
L/m=/mo during @ six-month growing season. The site 1s assumed to be
irrigated with contaminated water for 10 years prior to the beginning
of the scenario. The individual obtains his entire diet (or a frac-
tion of 1t) from a 1 ha irrigated field, and drinks 1.2 L of water per
day from a contaminated water source. In addition, he s assumed to
be exposed z000 h/yr by external exposure and inhalation of resus-
pended radionuclides that are deposited on the surface of the soil by
the irrigation water. Doses to total bodys bone, lungs, thyroid and
LLI are considered. Irrigaticon and drinking water may be from the
same or separate water supplies. When providing the inventory, the
user is asked for radionuclide concentration in drinking and frriga-
tion water separately. Irrigation or drinking water can be individ-
ually simulated by entering zero concentrations for the other pathway.
The user may modify the irrigation rate, the length of the frrigation
season, the time of {rrigatien prior to the scenario, the fractifon of
diet grown with contaminated frrigation water, the consumption of
drinking water, the times of exposure, the resuspension equation
selections the reference site size,» and the organ selection.

User-Pafipad Scenario. The user may construct his own scenarfo by
selecting exposure pathways and defining condttions associated with
sach pathway.

2.1.4 Mathematical Models

Equations are arranged to afd understanding of the model as a whole. Con-
sequently equations contain both environment-defined and scenaric-defined
parameters as distingufshed in Section 2.1.1. The origin of the parameters
will be discussed when applicable for each equation.

The fundamental relationship for calculating radiation doses to peopie from
any radionuclide exposure pathway is given in Equation 2.1 (Soldat,
Rebinson, and Baker 1974)

2.7
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U 2384D 5.0 ' )
NP2374D 6.6E+01
PUZ41+D 1.1

SRS 5.7E-01 3

Y 894 0.0

SROD  3.0E-02

Yoo 1.9

MO99 4.,8E5401 ;
TCooM  1.98+01 i
TCO9  4.0E-03 :
RUIO3  1.8E+02 :
KH108M 5.1E-02 ;
PD103  2.8E-01

I 129 4.3E-01

CS134  6.0E+02

C3135  1.3E-03

CS137  4.1E-02

BAL37M 2.2E+02

CE14l  1.0E+01

SMIS1  2.4E~04

U 235 2.0E+01

THZz31 1.3

PAZ3L 8.6

AC227  1.3E-02

TH227  2.5E+401 !
FR223 7.6

RA2Z3  2.6E+01

NP237 1.9 \
PAZ33  6.0E+0L ‘
U 233  4.26-03

THZ29 1.8

RA225  6.8E-01

AC225 1.7 .
U 238  9.8E-03 ;
TH234 7.5E-01

PAZ34M 2.9 !
PAZ34 6.3E+02 i
PU242 8.1E-04 T
NP238  2.0E+02 e
PUZ38  2.9E-03 i

CM244  1.BE-03 :
PUZ44  6.BE-07 P
U 240 3.4E-02 |
PU240  2.7E-~03
CM243  2.5E+01 .

pU243 2.7 ;
AM243 3.6 I
NP239  2.9E401
PUZ3G  2.9E-03 .
PU241l  2.9E-12° o
AMZAL 1.1 NG
1.¢-10 P
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where

X
1

ior the radiation dose equivalent or committed radiaticn dose
P equivaient from radionuclide | via exposure pathway p to
organ r (rem

c = concentration of radionucTide § in the medla of exposure
pathway p; for calculations involving airborne radion._ciides.
C, 1s replaced with the term X, which represeyts the average
a¥gborne concentration of radicnuciide 1 (pCi/m’, pCi/L,

or pCi/kg}

U = usage parameter {exposure rate or intake rate) associated with
P exposure pathway p (h/yr, L/yr, or kg/yr)

3] = radfation dose equivalent factor or the committed dose
equivaTent factor for radionuclids { exposure pathway p and
organ r to convert the concentration and usage parameters to
the radiation dose equivalent or to the committed radiation
dose equivalent (mrem/pCi)

An analysis of radiation doses from separate exposure pathways requires a
determination of the radionuclide concentrations and exposure rate or
intake rate associated with each exposure pathway. For external exposure,
tha concentration of radionuclides and the duration of exposure must be
quantified, For {ngestion of farm products grown on a contaminated site,
the radionuciide concentration in separate food products must be determined
by accounting for root transfer from sofl, dry deposition frem air on
1eaves, or animal consumption of contaminated forage or feed. The annual
diet for the maximally exposed individual, and the holdup tima between
harvest and consumption must also be determined.

For inhalation. the airborne concentratfon of resuspended radionuclides can
be determined directly from the ground concentration using a mass—loading
factor, resuspension factor, or resuspension rate analysis (Anspaugh et al.
1975}, Site-specific parameters can be used to determine the exposure

pathways and the radionuciide mixture, pathway concentratfons. and exposure
or intake rates.

Parts of this relationship are calcuiated in three MAXI codes as follows:

Ci e Concentrations are calculazed in MAXI, Some terms in the equations
F were calculated in MAXIZ (for food pathways) and MAXI3 {aquatic
pathways} and the results are located in the data base. These terms
will be Identified as each equation {s discussed,

U_ & Default (assumed maximum)} usage terms are applied in MAXIZ {food
pathways) and MAXI3 (aquatic pathways) and the resuvlting factors

are stored in the data files. A modification factor can be applied
to this term in MAXI1 %o reduce the exposure conditicns,

2.8
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Onsite Disposat Enviromment Surfaco Soll PLANSOURC (External)

ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SCURCE) 10-AFR-84 RAP
PLA 100

H3 0.0

c 14 6.2E~04

NAZZ 4,3E+02

P 32 9,2E-01

P 33 9.4E-01

5 35 0.0

CL36 Z2.8E-0]

K 40 5.7E+01

CA45 2.BE=03

5C46 7.26+02

CRSY 1.1E+01

MNG4 2.9E+02

FESS 0.0

FESQ 4. 0F+02

057 2.1E+401

0060 B.6E+02

NIS9 g.0

NI63 2.5E-14

ZNG5 2.2E+02

SETS 9,2E401

SRB5S 1.BE+02

SRS0+D 1.9

MD93 1.4

NBO4 5.3

RULC6+D 8.9E+02

€D1o9 7.6

AG110M+D1 .0E+03

IN11}  7.6E401

$B124 7.28402

$8125+D 1.7E+02

I 125+D 8.8E-0L

I 131+0 1.2E+02

CS137+D 2.1E+402

CE144+D 1.7£+01

EULS2  4.0E402 :

EULG4  4.3E402

TBI60  3.BE+02 .

05185  2.5E+02 H

DsS191 7.9

IR192 Z2.5E+02

HG203  4.7E+01

F3210+D 3.4E-0L

DL bt damctbs b m e Al H e $ enld

RA226+D 1.3 i
TH228+D 3.3E+01 i
THZ30+D 1.3 i
TH232+D 3.2E+02

U 233+D 4.2

U 234 6.9E-02

U 235+D 8.9E+01
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Dipr ¢ This term {s applied in MAXIZ for food pathways and MAXI3 for

aquatic pathways 1n the generation of the data files accessed by
MAXIL.

Calculation of the annual dose to an organ of referenca by the MAXI1
conputer program requires the dose equivalent from exposure during the vear
of interast pltis the annual dose resulting from previocus years of intake.
The general exprassion for annual dose calculations is deduced by
fnspecting the annual dose equations for the Tirst three years of con-
tinuous exposure, The annual dose for the first year to an organ of
reference is simply the summation of the radiation dose squivalents from
all internal and external exposure pathways. For the second year, the

annual dose is calculated by the following expression {(Kennedy et al.
1979):

*
AZ = R2 + (Rl:Z - Rlal) (2.2)

whers

A2 = the annual dose during the second year from all exposure
pathways to the organ of reference. mrem

R2 = the radiation dose equivalent in the sacond year to the organ'

of reference from all internal and external exposure pathways
from intake and exposure in the second year, mrem

R1 2 = the committed dose equivalent to the organ of reference for
’ the first two years from radionuciides internally deposited
during intake from exposure pathways in the first year, mrem

R1 1" the radiation dose equivalent to the organ of reference for
y the first year from radionuclides internally deposited during
intake from exposure pathways in the first year (no external
component to the dosse equivalent), mrem.

The second-year annual dose to an organ of reference (A, in Equation 2.2)
Is the summation of the radiation dose equivalents from all exposure
pathways during the second year and the dose equivalent delivered during
the second year from the radionucl ides {nternally deposited in that organ
during the 1irst year. The term in parentheses in Equation 2.2 1s the
expressicn for the dose equivaient to the organ of reference from radio-
nuclides deposited tn that organ during the first year. It is found by
subtracting the fiyst-year dose equivalent, resulting from internally
deposited radionuc] fdess from the second-year committed dose equivalent.
The mathemattcal expression for the annual dose to an organ of reference in
the third year of continuous exposure fs (Kennedy et al. 1979):

2.9
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Onsite Disposal Environment FILE2Y {So11), page 1

Soil Incremantal Dose Factors for ONSITE/BIOPORT Environment - 16-APR-8B4 RAP

SOIL
1 6

H3

c 14
NAZZ

P 32

F 33

5 35
CL36

K 40
CA4S
SC46
CRS1
MN5 4
FES5
FESG
CO57
CGs0
NIGS
NI63
ZN6S
SE7S
SR85
SRYC+D
MOG3
NB94
RULOG+D
CD109
AGL1OM+D
INL1L
SB124
SB125+D
I 125+D
I 131+D
CS5137+D
CFias+D
EU152
EUL54
TB16D
05185
05191
IR192
HG203
PBZ10+D
RAZ226+D
THZZ286+D
TH230+D
TH232+D

50 99
8 16

3.54E-L.0
4.66E-09
2.12E-09
5.14E-07
1.16E-07
4.61E-09
1.33E-04
3.24E~05
5.17E-11
Z2.69E-15
4.47E-16
Z2.20E~11
4.61E~14
1.208-12
2.25E-12
3.69E-11
4 .91E~12
1.33E~11
2.00E-09
Z2.99E-08
B.44E-10
7.88E-09
2,79E-11
1.00E-13
2,85E~12
6.66E-12
1.95E~11
1.16E-13
9.Z4E~12
3.58E-12
8,.80E-11
5.63E~11
1.28E-10
4_93E-15
1.72E-14
2.49E-14
S.58E~15
3.21E~19
3.57£-11
S.65E-12
6,.25E-09
3.01E-09
5.23E-09
1.03E-11
2.43E-12
3.16E-12

5
23

0.00E+00
2.04E-08
0.00E+00
1.33E-05
3.13e-06
1.02E-08
0.00E+0QQ
0.00E+00
2.33e-09
4.73E-15
0.00E+00
0.00£+00
2.14€6~-13
1.39E-12
0.00E+00
0.00E+00
2.50E~11
3.40E-10
1.34E-09
0.00E+GO
6,99E~10
2.94E-08B
0.00E+Q0
0.00E+00
2.1BE-11
0.GOE+Q0
3.23E-11
2.09E~13
2.1BE-11
1.17E-11
4.10E-10
6.93E-11
1.29E-10
7.84E-14
4.53E-14
1.59E-13
7.60E-14
0 .00E+D0
0.00E+00
0.00E+00
0.00E+00
4.33£-08
5.26E-09
3.03E~10
8.59E-11
9.56E~11

0.00E+00
0.00E+00
0.00E+Q0
0.00CY00
G.00E+00
0.00E400
0.00E+00
0.COE+00
0.00E+00
0.00E+00
S.23E~16
0.00E+0Q
6.94E~14
8.71E-13
0.0CE+00
0.00E+00
0.00E+GCO
0.00E+H00
0.00£+00
0.00E+00
0.GGE+DD
0.20E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.79E-11
1.03E-11
0.00E+00
0. 0CE+00
2.03E-11
0.00E+H0
0.00E4+00
0.00E+00
0.00E+00
0.00E+00
G.00E+00
0.C0E+00
0.00E+00
0.00E+Q0
0.00E+00
0 .00E+)D
0.00E+00
0.00E+00

1.C-8

0.00E+Q0
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0G
0.00E+00
2.67E~-16
0 .00E+00
0.00E+D0
0.COE+QD
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.01C+00
0.00:+00
0.00E.:00
0 .00E+Q0
0.00E+00
0.00E+Q0D
0.00E+00
0.00E+Q0
0,00E+00
4 ,.68E~14
6.12E~14
1.76E~14
7.21E-08
3.21E-08
0.00E+00
Q.00E+00
0.00E400
0.00E+H0
0.00E+00
0 .00E+Q0
0.0CE+00
0 .00E+00
C.00E+D0
0.00EHIQ
0.00E+00
0.00E+00
0.00E+Q0
0.00E+00

0.00E+Q0
3.27E-09
1.37E-09
1.76E-056
2.53e-07
G .00E+DO
3.50E-05
3.52E-(6
1.86E8-10
5.49E-11
1.396~13
4.2 E-10
$.30E-13
1.46E~11
3.96E-11
3.,54E~10
1.38E-11
3.76E~11
6.98E~0%
0.00E+00
0.0GE+0G0
1.38E-08
1.91F-10
3.28E-10
1.67E~08
Q.00E+G0
1.5ZE-08
9.45E~10
8.0BE=-10
2.16E-10
1.04E-11
2.976~-11
T.00E~-12
7.71€-11
6.40E~11
1.376-10
).058E~-1D
1 .13E-08
4.15E-09
7.91E-10
9.9CE~-09
3.48E-09
4.42E-10
Z2.36E-09
2.54F-10
2.16E~10
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*
A3 = R3 + (R1,3 - Rl,Z) + (RZ.Z - R2,1} {(2.2)

where

the annual dose during the third year from all exposure
pathways toc the organ of reference, mrem

u™
u

»*

the radiation dose equivalent in the third year to the organ
of referonce from all internal and external exposure pathways
from intake and exposure in the third year, mrem.

In Equation 2.3, the terms R R and R are similar in form., sach
containing two subscripts. *E%’fi%é% subscgﬁﬁt defines the year of intake
or exposure after the start of continucus exposure, and the second defines
the number of years used in calculating the committed dose ecquivalent. The
quantity in the first parentheses is the dose equivalert to the organ of
reference in the third vear from radionucliides deposited during the first
year of continuous exposure {i.e., the difference between the third-year
committed dose equivalent and the second-year committed dose equivalent).
The quantity in the second parentheses is the dose equivalent in the third
year to the organ of reference from radionuciides deposited during the
second year of continuous exposure (i.e., the difference between the second-

year committed dose equivalent and the first-year committed dose equivalent).

The general expression for calculating the annual dose to an organ of
reference during any year after the start of continucus exposure is
expressed as {Kennady et al. 1979}:

te]

*
A, =R, + - R (2.4)

t = Ry R, temt+1) = Ry, (=1

i=1

where

At = the annual dose during the year t from all exposure pathways to
the organ of reference, mbram

¥

R, = the radiation dose equivalent in year t to the organ of
reference from all internal and external exposure pathways from
intake and exposure in the year t, mrem.

The summation term in Equation 2.4 represents the dose equivalent delivered
to the organ of raference in year t from radionuclides deposited in the
organ from intake in all previous years since the start of continuous
exposure. This term is valid only for positive integer values of t. For t
equal to 1. the summation term is zero.

2.10
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Onsite DBisposal Enviromnment FILE20 (Leaf): page 1
Leaf Incremental Dose Factors for ONSITE/BIOPORT Environment - 16-APR-B4 RAP
LEAF 50 99 5
1 6 8 16 23
H3 1.44E~06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
C 14 1.67E-05 7.31E-05 0.00E+D0 0.00E+00 1.17E-05
NAZZ 1.27E-03 0.00E+00 0.00E+00 0.00E+00 8.24E-04
P32 1.23e-04 3.18E-03 0.00E400 G.00E+QD 4.20E-04
P 33 3.14£-05 B.46E-04 0.00E+00 0.00E+00 6.83E-05
S 3% 1.94E~04 4.31E-04 0 .00E4+00 0.00E+0Q 0.00E+00
CL36 1.55E+00 0.00E+00 0.00E+00 0.00E+C0 4,07E~-0)
K 40 5.23E+00 0.00E+0Q0 0.007+00 0.00E+00 5.69E~01
CA45 1.90E~05 8.57E-04 0.00E+Q0 0. 00E+00 6,35E-05
SC46 1.91E-08 3.36E-08 0.00E+Q0 0.00E+00 3.91E~04
CR51 1.40E-08 0.00E+00 2.88E~08 8.33E-09 4.3 4E-06
MN54 6.36E~06 0.00E+00 0.00E+00 0.00E+00 1.22E~04
FESS 1.14E-06 5.28E-06 1.71E-086 0.00E+00 1.31E-05
FE59 2.41E-05 2.79E-05 1.75E-05 0.00E+00 2.94E-04
Cco57 2.17E-06 0.00E+00 0.00E+00 0.00E+0C 3.82E-05
CcOs0 3.68E-05 0.00E+0Q0 0.00E+0Q0 0.00E+00 3.63E-04
NI59 3.47E-06 1.77e-05 C.Q0E+00 0.00E+00 9.76E-06
NI63 9.45E~-06 2.41E-04 0.0NE+00 0.00E+00 2.66E-05
ZN65S 7 .04E-05 4.71E~-05 0.005+00 0.00E+00Q 2.46E=04
SE75 2.85E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+HO0
SRB5 4.03E-05 3.34E-0F 0.00E+Q0 0.00E+00 0,00E+00
SR90+D 4.296-04 1.60E-03 0 .00E+00 J.00E+00 7 .50E-04
M0O93 2.98E-06 0.00E+00Q 0.00E+00 G.00E+00 2.04E-05
NBO4A 1.12E-07 0.GOE+00 0.0CE+0D 0.00E+O0 3.64E-04
RULO6+D 2.39e-06 1.83E-05 0.00E+00 0.00E+00 1.40E-03
CDLOS 2.00E-07 C.00EH00 0 .00EHID 0.0Q0E+0Q 0.00E+00
AGL10M+D 3.86E~06 6.41E-06 C.00E+G0 0.GOE+00 3.01E~-03
INL11 1.206E-09 2.18E-09 0.00E+0 4.88E-10 9,84E-06
58124 7.11E-06 1.68E-05 1.38E-05 4.71E~-08 6.22E-04
$B125+D 3.18E-06 1.04E~-05 9.09E-06 1.5¢E-08 1.91E-04
I 125+D 7.36E-05 3.43E-D4 0.00E+Q0 6.03E-02 8.66E-06
I 131+D 3 .05E-05 3.75E-05 0.00E+00 1.745-02 1.61E-05
CS137+D 9.00E-D4 9.08E~04 L.43E-04 0.00E+00 4,93E-05
CE144+D 8.24E-08 1.31E-06 0.00EHD 0.00E+0D 1.29E-03
EUls2 6.03E~08 1.56E-07 0.00E+Q0 0.00E+CO 2.25E-04
EUL54 8.72E-08 5.58E~-07 0.00E+DD 0.0CE+00 4.80E-04
TB160 2.82E-08 2.24E-07 0.00£+00 0.00E+0D 3.10E-04
0s18% 9.01E-05 0.00E+00 0.00E+O0 0.00E+00 3.18E-03
0S191 7.33E-06 0.00E+00 0.00E+00 0.00E+00 8.51E-02
IR1G2 8.51E-086 0.00E+00 0.00E+00 0.00E+0Q0 6 .98E-04
HG203 2.35E-04 U.00E+00 Q.00E+QD 0.00E+00 3.72E-04
PB210+D 3.82E-04 5.51E-03 0.002+00 0.00E+HD0 4.43E-04
RAZ26+D 3.34E-02 3.36E~02 0.00E+00 0.00E+00 2.83E~-03
TH228+D 2.12E-05 6.26E-04 0.00E+D0 0.00E+00 4,87E-03
THZ230+D S.11E-06 1.80E~-04 0.00E+00 0.00E+00 5.32E-04
TH23 24D 6.62E-06 2.0CE-D4 0.00E+0D0 0.00E+00 4.53E-04
1.C-7
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The annual doser A,, to the organ cf reference is calculated for each value
of t from 1 to 50, and the maximum annual dose {s determined by inspection.
Experisnce with this method to date indicates 50 years to be a suitable
maximum value of t; however, higher maximum values are not precluded. The
radfation dose equivalent terms required by Equation 2.4 are determined
from Equation 2.1 using existing radiation dose computer programs for
pertinent radiation-exposure pathways. Details about the msthods of caicu~
lating the radionuclicde concentrations in various media, C, from
Equation 2.1, are given 1n Sections 2.1.4.1 through 2.1.4.%?

No special algorithms or numerical techniques are employed by the ONSITE/
MAXI1 computer programs apart from those requirsd to solve Equation 2.4.
However, special formulations for some of the parameiers in Equation 2.1
are available 1n the exposure scenario analysis. Other formulations are
directly included in the calculation of the dose conversion factors used by
MAXIL. The following sections contain discussions of optional and default
equations that are incorporated into the ONSITE/MAXIL1 softiware package.

2.1.4.7 Dose From Ingestion of Food Products

The dose conversion factors for the ingestion of food products accessed by
the MAXIl computer program are obtained from data files that were generated
by the MAXIZ computer program for the onsi%e disposal environment. The
dose from any food pathway is given by Equation 2.1. Radionuclides can be
deposited on the leaves of plants directly from the air or from irrigation
waters and can be taken up by the plant roots.

For direct deposition from the air, Equation 2.5 is used to describe the
deposition of airborne particulate radionuclides directly onto food
products and onto the ground.

d? = 86,400 X, V (2.5)

where
d? = deposition rate or flux of radionuclide 1. pCi/(mz-day)

86,400 = dimensicnal conversion factor, seconds/day

71 = average air concentration of radionuciide 1 is estimated
using either the mass-loading or resuspension factor
as pCi/m

Vdi = depositfon velocity of_ radionuciide {. m/second, is assumed

in MAXIL to be 1 x 1073 m/sec for all particles.

2.11
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Radionuciida Haster Library for MAXI - RMDLIB, continued

RH222
PB210
BI210
PO210
U 32
THZ32
RAZZ28B
AC228
TH228
RAZ24
PB212
BIZ12
U 235
THZ31
PAZ31
AC227
TH227
FR223
. RA223
u 237
NP237
PAZ33
U 233
TH229
RA225
AC225
U 238
TH234
PAZ34M
PAZ34
AMZ242M
AM242
cM242
PU242
KNP238
PU238
CH244
PU244
U 240
PU240
Crz247
CMz243
Pu243
AM243
NP239
PU229
CHz45
PU24)1
AM241

3.82E+0
8.14E43
5.01E+0
1.38E+Z
2.62E+4
4.16E13
2.10E43
2.55E-1
6.99E+2
3.66E+0
4,43E-~1
4,206-2
2.,59€11
1.06E+0
1.196+7
7 .95E+43
1.876+1
1.51E~2
1.14E+1
6.75E+0
7.82E+8
2.70E+1
S 79E+T7
2.68E46
1.48E+1
1.00E+}
1.65E12
2.41E+]
8,13E-2
2.81lE-1
5.55E+4
6.68E-1
1.63E+2
1.41E+8
2.18E+0
3.J1E+4
6.61E+3
3.02E10
5.88E-1
2.39E+6
5.70E+9
1.04E+4
2.066-1
2.70E+6
2.36E+D
8.9LE+6
3.10E4+6
5.26E+3
1.5BE+5

3
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2
3
4
5
0
]
2
3
4
5
6
7
0
1
2
3
4
4
5
0
1
2
3
4
5
6
¢
1
2
3
0
1
2
2
0
5
0
0
2
3
0
0
1
3
4
5
0
1
4
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. The MAXIl computer program permits selection of two mathods for calculating

the average u«fr conceantration. These methods are mass-~loading and resus=—
pension analysis, The mass~loading mathed uses the product of the surface
soll radionuclide cencsintration ang the average mass-loading of dust or
particulate material In the atmospherae. _In the absence of data for a
particular site, a value of 1 x 107 g/n? has bLooan suggoestueo for predictive
purposes (fPA 1977; Anspaugh at al. 1975). This value is used in this
report for the annual average mass-lcading factor. Annugl arithmgtic
averases around tho United States vary froam 9 x 107 =o 7.9 x 107 e
{Anspaugh et al. 1577).

For resuspension, the average airborne concantration {s the product of &
rasuspanstion factor ang the suyrface contamination leval as showsn in
Equatfon 2.6.

~q

= Sf Sp (2.6

whore
3. avarage airborne concentration. pCi/m3
S¢ = resusponsion factors mL
Sy = surface radfoactivity, pﬂi/mz.

The MAXI1 computer program permits the use of a time-dapendent resyspension
factor (Sg) as given by Anspaugh et al. (1975):

P L AR U i (2.7
whare
Sf = rasuspension factor, m?
-4 _ . -1
10 7 = resuspension factor at timea £t =0, m

A = affective decay constant contro!?ingi;ge avatlabflfty of
matertfal for resuspensfon, G.15 day

t = time after depesition, days

1072 = resuspension factor after 17 years, ol

2.12
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1131
XE131M
TEI32
- ‘ I132
: TE133M

TE133

I 133
: XE133M

b XE133
TEL34

I 134
£S134M

CS134

I 135
XE135M

XE135

5135

XE137

o CS137
BAL37M

ol XE138
. cs138
™ XE139
CS139
BAI39
XE140
o C5140
'y BA1 40
m-r

i e TV -.Mﬁmﬁz\“i{]

LAL40
BALAL
LAl4l
o~ CE141
BAL42
v LAL4Z
CE143
o~ PR 43
CE144
PR144
ND144
ND147
PML 47
SM147
PM148M
PM148
PM151
SM151
W 187
RE187
THZ30
RA226

7

Radfonuclide Master Library for MAXI - RMDLIB, contfnued

8.04E+0
1.10E+}
3.26E+D
9.58E-2
3 - 85 E-Z
B.64E~3
8.678~1
2.19E40
5. 24E+0D
2.90E-2
3.65E-2
1.21E~1
7.53E+2
2.75E~1
1.09E-2
3.78E-)
8.40E+8
2.66E=-3
1.10E+4
1.77E-3
9.84E-3
2.24E-2
4,98E~4
6.53E-3
S.74E~-2
1.85E-4
7.64E~4
1.28E+1
1.68E+0
1.276-2
1.64E-1
3.25E+1
7.43E-3
6.44E-2
1.38E40
1.36E+1
2.8B4E+2
1.20E~2
8.77E17
1.11E+1
9.58E+7
3.91E13
4.13E+1
5.37E40
1.18E+0
3.29E+4
9.95E-1
1.83£13
2.8BlE+7
5.84E+5

NHFNHEFNAHRORWUNEREWRHENFENE RO RWBNEFWRNHNFWNDEHEAWNRERERNHNETTLRWNDRN R W
HOHDEOMONFONFDODHFOFONFHOWNHONHOFONFOWMNEFOROROL B RN RO D W

1.0
0.0169

1.0
0.13
1.0
0.029
1.0

1.0

1.0

OO0 O0ODOLDOCRAQLCLCOLOOQOOOLOLOOCLOOOLOOOO OO0 OWLWOHODOOOO

1

0.778

0.87

0.971

0.834

1.c-5
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The socond term in Equation 2.7 (16”7) 1s added based on the assumption
that there 15 no further msasurable decrease fn the resuspension factor

procass after about 17 ysars, the longest period for which data are avafle-
able.

For depogition on piant leaves or sofl from irrfgation. the depcsiticn rats

in pCi/m ~day ¢, for rad’onuciice { from trrigation wates onto the ground,
is defined by Equation 2.8.

dy = c, 1 (2.8)

whore

dI = dgoposition rato or flux 31 raifonuctides spplied with
irrigation water, {pCi/mc-day)

C = concentration of radionuclitde 1 in the water used for
{
frrigation, pCt/L

I = {rrigation rate; the amoupt of water sprinkled on a unit area
of ffeld in one day, L/{mS-dav).

The concantration of radfoactive matertal in vegetation resuiting from

diract deposition onto plant foliage and uptake of radfonuclides previously
depositod in the sofl {is determined by Egquacion 2.9.

- (d? + d;:[)r Tv (l - exp ["\Eite] ) +(d‘; +* di) fthf(l - exp [—).ftb])
tv Yy Mg P g
D'lsftcsiav fC..B

. : 1*“!"? vi| exp (—}.,th)

(2.9

whare

C1 = concontration of radfonucliide { Tn the edible portion of the
vagetation. pCi/kg

d? = previously defined (cee Equation 2.5), DCi/(mz-day)

r = factor of depositicn retaimed on the vegetation
{(dimensionless}, taken to be 0.25

2.13
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Radionuclide Master Library for MAXI - RMDLIB, continued

SRoL 3.%E-1 19 (V) 13
Y 9IM 3.45E-2 21 0.58 0 13
Y 9l 5.85e+1 3 2 1.0 1 0.42 13
SR92 1.136-1 1 0 0 13
Y 92 1.48E-1 21 1.0 o 13
Y 93 4,21E-1 1 0 0 13
ZR93 5.56E+8 2 1 1.0 0 13
NE93M 4.97E43 3 2 0.25 O 13
ZR95 6.40E+1 1 O 0 13
NBSSM 3.61E+0 21 0.007 O 13
NB9S 3.528+1 3 2 1.0 1 0.993 13
ZR97 7.04E-1 1 0 0 13
NBGTM 6.94E-4 2 1 0.946 13
NB97 5.01E~2 3 2 1.0 1 0.054 13
M092 2,75E+0 1 0 0 13
TCO9M 2.,51E-1 2 1 0.868 O 13
TC99 7.78E+7 3 2 1.0 1 0.132 13
RU103 3.94E+1 1 © 0 13
PD103 1.70E+1 2 O 0 13
RH103M 3.92E-2 3 1 .9974 1 .9997 13
RU105 1.856-1 1 0 0 13
RHLOSM 5.21£~-4 21 0.28 0 13
RH105 1.47840 3 2 1.0 10.72 13
RULO6 3.68E+2 1 0 0 13
RHLOG 3.45E-4 21 1.0, O 13
PD10OgHM 5.43e-5 1 0 0 13
PDLOS 5.61E-1 21 1.0 0 13
AG109M 4,58E-4 3 2 1.0 0 13
AGL1OM 2.52E+2 1 0 0 13
AG110 2.85E-4 2 1 0.01:3 0 13
INLLI4M 5.00E+1 1 0O 0 13
IN1)4 8.33E-4 21 1.0 0 13
CD115M 4,46E+0 1 © 0 13
CD115 2.23E+) 2 0 o 13
IN115M 1.88E-1 3 Z 1.0 0 13
INLI1S 2,19E17 4 3 0.963 1 1.0 13
SN125 S.64E+ 1 0 ¢ 13
SB1 25 1.01E+3 21 1.0 0 13
TE1Z5M 5.80E41 3 2 0.23 © 13
SN126 3.65E+7 1 O ] 13
SBl26M 1.32E-2 21 1.0 0 13
SB126 3.75E-1 3 2 0.14 O 13
sB127 3.85E+0 1 O 0 13
TE1ZIM 1.00E+2 2 1 0.139 0O 13
TELZ7 3.90E-1 3 2 0,976 1 0.861 13
TE126M 3.36E+1 1 0 0 13
TEL29 4.83E-2 21 1.0 o 13
I1lz9 5.73E49 3 2 1.0 0 12
TE131H 1.25E+0 1 0 0 13
TEL31 1.74E-2 2 1 0.222 O 13

1.C-4
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factor for translocation of exterrally deposited radio-
nucl {des to the edible parts of the vegetation {dimenston-
less). For simplicity, this parameter is assumed to be
independent of the radtonuclido and is assigned values of 1
for leafy vegetables and fresh forage and 0.1 for all other
produce, including grain

radiclogical decay constant for radionuciide 1. days'l

the effective removal constant for radionuciide i, days‘l:
Mg T Aty

woathering romoval constant for vegetation, days"l; taken to

te {0.593/14) days™*

vagotation yleld, kg (wet wetght)/mz

concontration factor for uptake of radionuclide { from the
soil in vegatation v, pCi/kg {wet weight) per pCi/kg
sofl {dry)

time for buildup eof radionucltdes in the soil, days; assumed
to be 50 years for firrigation

tims of exposure of aboveground vegetation to contamination
during growing seascon, days

fraction of the roots in the plow layer of soil
(dimansioniess)

holdup time between harvest and food consumption; days

soil ”suEface density," kg {(dry 5011)/m2; a value of

224 kg/m“ is used assuming the contaminated ground is plowed
t25 a depth of 15 cm (Napier et al, 1980

concentration of radionuciide i available for plant uptake
from the wasge contained in the plow layer (top 15 om of
soil}, pCi/m

piow layer, m

fraction of the roots that penetrate the waste trenches
(dimensioniess)

concentration of radionuciide i available for plant uptake
from the subsurface waste zone, pCi/

p = bulk soil density of subsurface material, kg/m3

2.14
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W 185
05185
aslel
IriG2
HGZ203
PR210+D
BIZ210+D
RNZZ2Z2+0
RAZ223+D
RAZZ4+4D
RAZ25+D
RAZ26+D
RAZ28+D
AC227+4D
™227+D
TH228+D
THZ3 04D
TH232+D
PAZ3L+D
U 232+D
U 233+4D
U 234

Yy 235%+D
U 236

U 238+
KP237+D
PU236
PU237
PU24L+D
CH245
CM24T7+D
cMz248
CF252
ZNSSM
ZNsS
aRe3
KRB3M
2RB5
KRB5HM
KRBS
KR87
pBe7
KR8
RBBS
KR89
RBBY
SR89

Y 8aM
SR80

Y ¢0

Radionuciide Master Library for MAXI - RMDLIB, continued

T.81E+)
9.40E+)

1.5E+1

7.3E+1
4.60E+1
8.14E+3
5.01E+0
3.82E+0
1.14E+
3.66E+0
1.48E+])
5.84E+5
2.10E+3
7.95E+3
1.87E+41
6.99E+2
2.BLE+7
5.13E12
1.16E47
2.62E+4
5.79E+7
8.91E+7
2.59E11
B.55E49
}.65EL2
7.82E+8
1.04E43
4.56E+1
5.26E+3
1.73E46
5.70E+9
1.24E+E
9.64E+2
5.73E-1
3.96E-2
G.G6E~-2
7.62E~2
1.99E-3
1.87E-1
3.92E+3
5.30E-2
1.72E13
IQIBE—I
1.24E-2
2.20E~3
1.06E-2
5.06E+]1
1,.R6E-4
1.04E+4
2.87E+0
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The first term inside the hrackets of Egquatfon 2.9 relatss to the cohcen-
tratfon resulting from direct deposition of resuspended metorial and
frrigation on folfages during the growing seszson. The second term relates
to the plant uptake from the soil and reflects the deposition trom {rriga-
tion. Tho third and fourth terms account for uptake of waste matarial
contafned in the top 0.15 m of sofl and below this layers respactively.
Specific values used for the parameters in Equation 2.9 located in data
libraries ars found in Mapler et al. (1980).

The following torms of Equation 2.9 are located in the MAXIl computer code:

a { i
d1 + d1 dift 0.15ft wat1

The leaf mechanistm dose rate factors genorated by the MAXIZ computer code
are included in the data library and are accassad by MAXIl., The following
terms of Equation 2.3 are {ncluded in thoss factors:

rT, (1 - exp [~ Efte}) B, (1 - exp E~A1tD])

Yy lEi Phy

The soil mechanism dose rate factors genarated by the MAXIZ computer code
are Tncluded in the data library and are accessed by MAXIl. The foilowving
terms of Equation 2.9 are included in those factors:

Cszsvi (Bvu) axp (—A{th)
Y

The radionuclide concentration in animal products such as meat, milk., and
eggs is dependent on the amount of contaminated forage or feed oaten by the
animal, This concentration is described by Equation 2.10.

Cia © Sia[cﬁ Qe * Cyap Qau] (2.1

where

Cia = concentration of radionuclide 1 in the animal product., pCi/kg
or pCi/L

2.15
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pOe3
NBG4
HORGed
TC101
RULO3+D
RUIOS+D
RULO6+D
PD107
Cchio9
AGLIOM+D
AGLL1
INLIL
CDL13M
GN117M
SH119M
SHIZ1M
SN123
SN125+D
SN Z6+D
58124
$B125+D
TELEM
TEL 2740}
TC1 290
TELI3IMHD
TELI1+0D
TE12 240
TELI3M+D
I 12540
1130

I 131+D
1 135+0
CS136
Cs5137+D
Csl3s+D
BAL40+D
CELA3+D
CE144+D
PMIAEM+D
PRR149
$M153
Euls2
EUL53
EULS4
EU15%
EUl%6
GD153
™60
HO1O6M
W 18}

e
e i Py
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Radionucl tda Master Library for HAYI -~ RMILIB, continuad

3.65E+4
T.30E+G
2.75E+0
G BLE-3
3.94E+1
1.85E=1
3.6BE+2
2.376+9
4 4E+2
2.52E+2
TJALE4D

2.8E+0
4,97E43
1.40E+]
2.50E+2
2.78E+4
1.29E+2
G.64E40
3.05E+7
6.02E+1
1.01E+3
1.17E+2
1.09E+2
3.36E+}
1.25E+40
l— .7&:‘."2
3.26E(
3.85E-2
5.97E4)
5.15E~1
8.04E40
2.75E=)
1.31E+1
1.10E+4
6.53E-3
1.28E+1
1.3BE+D
2.0 .E+2
4.17E+)
2.2 E+0
1.95E+0
4.97E+3
1.04E+L
3.14E+D
1.81E+5
1,528+
2.42E+2
7.23E+]
4.3BE+S
1.40E+2
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S5.. = transfer coefficiont of radionuctide 1 from datly intake of
the animal 1o the edible portion of ths animal product,
pCi/L {milk) per pCisday or pCiskg (animal product) per
pCi/day

cif = concentration of radionuclide 1 in feed or forage., pCifkg;
calcuiasted from BEquation 2.9

Qf = animal consunption rate of contaminated feed or forage,
kg/day

C1 = concentration of radienuclide 1 {n the wator consumed by
aw animals, pCi/L; assumed to be the same as the irrigation
water, C!w {see Equation 2.8)

Qa- = consumption rate of tho contaminated water by the animal,
L./ day.

Spacific values of the parameters used in Equation 2.10 are given in Napier
et al. (1980).

The dose to an organ of the exposed i{ndividual rosulting from the ingestion
of food products rafsed in the soil at an onsite disposal site (R in
mrem) is found using a modifted varsion of Equation 2Z.1. Tuils gegg}a]
relationship is shown in Equaticn 2.11.

n
1
Rep = Up o :E: Cip Ac Dipr (2.1

1=l
where
f, = the fraction of the total diet grown on the site

A” = the areaz correction factor for fnternal exposure pathways,
and where Up, C1p, and Dipr are for ingestion and are generally

defined in Equatfon 2.1.

0 - 0Q

The data Yibrartes for the ONSITE/MAXIl computer program are based on a
minimum sfte area of 1 ha., To account for the limited expusure potential
from smaller disposal areas, site area correction factors are required,

For oxample, the amount of agricultural products raised on a site depends
upon the intensity of the farming and the types of c¢rops rafsed. A small
site may produce a large fraction of tha seasonal fruit and vegetable diet
with intensive farming, but be unable to provide enough forage and grain to
support a milk cow or other animals. Thus, while a large fraction of the

2,16



Radfonuctide Master Library for HAX! - RMDLIB

DATA LIBRARY /¢ TRENSLOCATION CLASSES, G-APR-B4 RAP

N
SRS
h 4
AN 4
g
3
i
i RADIONUCLIDE MASTER
— : H 3 4.51643 1 0 0
~ : BELO 5.84E48 ) © 0
\ C 14 2.09:€46 1 O o
" N 13 6.926-3 1 0 0
L F 18 7.626=2 1 O 0
N NA22 9.50E+2 1 0 0
% NA24 6.25E-1 1 0 0
% P32 1.42E4) 1 © 0
. P 33 2.446+1 1 O 0
. s 35 8.72E+41 1 0 0
CL36 1.1E48 1 © 0
K 40 467611 L O 0
) AR39 9,.B3E+4 ) O 0
AR4L 761E=2 1 0 0
CA4L 5.11E47 1 © 0
: CA4S 2.77E+1 1 0 0
iy SC46 B.38E+1 1 O 0
- CR51 2,776+ 1 © o
o MNGA 3A2E¥2 1 0 0
. MNS6 1.076=11 0 o
™ FESS 9.86642 1 0 0
FESQ 4.46E41 1 0 0
s 057 2.T1E+2 1 © 0
C058 7.08E+1 1 O 0
oD 060 1.92E43 1 0 0
NIS9 2.74E+7 1 0O 0
i NIG3 3.51E44 1 O G
. NIGS 1.052-1 1 0 0
RS Cus4 S5.29E-1 1 0 0
- ZN65 2.44642 1 0 0
o™ SETS 1.2E42 1 0 0
— AST6 1.10E+0 1 0O 0
- SE7S 2.37647 1 O 0
I BR82 1.47640 1 0 0
N BRE3+D  9.9%6E-2 1 0 0
- BR84 2.216-2 1 0 0
o 5R35 6.5E+1L 1 O 0
KRSD 3.74E-4 1 O 0
—~ KR91 1.136-4 1 0 0
RBES 1.875+41 1 0 0
: RBBG+D 1,06E-2 1 0O 0
L SREG+D L. 06E+1 1 0 0
: SRI0+D +.04E+4 1 © 0
' : SRO}+D 3.9E-11 0 0
L SRO24D 1.136-1 1 0 0
MY Y 9IM#D  3.45E-2 1 O 0
N ZR93 4D 5.50E+8 1 0 0
. ' ZR95+D 6.40E+1 1 O 0
. ZR97+4D 7.04E=1 1 0 0
hEN
‘.,'_A_"
e

e A SR Rt

1.C-1
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spasonal fruit and vegotable dict may be rafsed on a small site, the total
quantity raised may only equal a small fraction of the total annual diet.

In determining area correction factors for the MAXI1l computer program,
consideration s first given tou the daefault pathway conditions and then to

For the default
condftions, the individual's entire diet, as defined 1n Regulatory Guide

variable axposure conditions as a function ¢f site area.

1.109 {(u.s.

IRC 1977}, is assumed to be rafised on the 1 ha site.

consists of fruits and vegetables and meat and animal products.
concertrations used for the {mhalatfon calculations are for resuspension
resulting from large areas of distributed surface contamiratfon.

This diet
The air

Bacause of 'the large variability thav may exist in the exposure conditions
at any gfven site, we have defined default site arsa correction factors

that modify the sefault exposure pathway assumptions provided in the

scenario analysis.

For the ingsstion and {nhalation pathway. the correction factors ares in the

form of a step function as shown fn Figure 2.1-1,

This function assumes

five steps of potential oxposure versus site area ranging from small to

largo sites. The stsps of total exposure are:
areas lass than 50 m

nEQas between 1,000 and 10,000 m
n

{or 1 ha)l.

A step function is used rather than a continuous curve bscause of +ihe
inhereont uncortainty fn predfcting the future actions of individuals.

1)} 10% for sites with
s 2) 25% for sites with areas heitween 50 and 200 mz
3) 50% for sites with areas betu%en 200 and 1,000 m<, 4) 75% for sites with

» and 5) 100% for sites larger than 10,000

Hd

The

step function allows consideration of smalil areas without forcing extreme

conservatism on largsr areas.

That is, 1t *‘mplies that the small areas may

be {ntensely farmad for vegetables, whereas the ilarger areas may be less
aefficlently used (i.e.» tn raising cattlal.

2.1.4.2 Dose From Ingsstion of Drinking Water

Dose conversion factors for ingestion of drinking water used in MAXI] are
calculated using the MAXI3 computer program and the results are stored in
in mrem, from ingestion of water containing

the data files.
radionuct {das,

The dose
is calculated from Equation 2.12,

n

Ror = Uy E Cogy P =M1 Dy fo

i=1

2.17

B e

(2.12)
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APPENDIX 1.C

ABBREVIATED DATA BASE LISTING

Radtonuciide Master Library

Onsite
Onsite
Onsite
Onsite
Onsite
Onsite
Onsite
Onsite
Onsite
Onsite
Onsite

bLicposal
dosposal
Disposal
Disposal
Disposal
Disposal
Disposal
Disposal
Disposal
Disposal
Disposal

Environmant
Environmant
Enviromment
Environmsnt
Env ironment
Envirgnment
Environment
Environment
Environment
Environment
Envirormment

CONTENTS

fOF MAXI bl RMDLIBc.--....-'.‘.tn..-l
FILE20 (Leaf), page lecereessscsccen
FILEZ]L (Soll1)s pagGe leseescnveannras
Surface Soll PLANSQURC (Externall...
Stored Waste ROOM {Externalleseccees.
FILEZS (Afr), page Liciecincenasanns
FILEZ24 (Azuatic)y page lisecensneces
FILEZS (Drink): page ll..lll.ll.l.ll
VOLSOURGC (Externai).cecereccosssrsas
BURIEDHF (External)eciicersccescaces
BURIED] (Extornal).eciciecve sesnnsn
Selected Radionuclides — RMDONS,....

[
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whore

Fraction of Total Scenarip

10

o8

b
o

o
&

0.2

annual consumption of contaminated drinking water, L

{input by user}), pCi/L

radiclogical decay constant for radfonuclide 1. days“l

= the concentration of radionuclide {1 in the drinking water

transit time required for radicnuciide to reach the pofint of

exposure, days

radiation dose equivalent factor for fngestion, mrem/pCi

drinking water cleanup factor (for municipal water supplies:.

b= 200 to 1000 m?* = 0.50

50t 200 m* = 0.25

L—Ow 50m?=0.10

1 1 1 ] L l L [ 1

;\i,ooo 10 10,000 m? =0 75

0.2 04 06 08
Fractionof t ha

Area Correction Factors for the
ingestion and Inhalation Pathways

Figure 2.1-1.

2.18
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RFPEDIE 1.8 OBFUTER COOE LISTING - OHSITE

Ce
c
SUBROUTINRE SELECT
n
L™
C This subreuatine prints a manu of sconarfo selection for the
c usor and then tost valldity of thes user input.
c
c Hodule of OMSITE
Cc Versicn of )7~AFPR~84 RAF
C
l:- ——
c
INCLEDE FONSITE, Ot
c

WRITE {SCRN,2004)
2004 FCRMAT [ ¢, 240/}, 13X,
. tThe following scenarfos have boen defined:'//
14X, -~ External axpcsure'/
L14%, 2 =~ Extornal exposuro plus inhalation from rosuspansiont/
«14Xe'3 - Agricultural activities '/
J4%,%4 - Use of woll water for trrigation and drinking weter™/
14%, 5 ~ User-croated sceoariot//}
c
100 CONTINUE
WRITE (SCRK.Z008)
2206 FORMAT(14X.'To select a scerarfo or for additional informattiont/
J1éXu'on a sconaric enter Ls 2, 35 & orF 51 F)

c
READ (KEY.*) IRS
IF (IR$ LT, 1 .OR. IRS .GY. 5) GO YO 100
c
RETURN
c
C
END

1.8-34
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The drinking-water dose rate factors calculated by the MAXI3 computer code
ara fnciuded in a data library and are addressed by MAXIl. The following
terms in Equation 2Z.11 zre fncluded 1n those factors:

Y exp (—Aith3 b, . f

ir "dw

2.1.4.3 Dose From Inhalation

Dose conversion factors for {nhalation usad {n MAXILl are calculated using
the DACRIN (Houston, Strenge, and Watscn 1974) computer program and stored

fn the data files. The frhalatfon dose, Ry, in mrem, fs calculated using
Equation 2.13.

n

o 5 I
th VTtm EE: (X1 . Ac) ° Dir (2.13)

i=1
where

V = vantilation rate of exposed individual, m3/sec

T = duration of exposure to the airborne radionuc]ide concentra-
tion, seconds.

t_ = modification factor applied to T to adjust tima §if exposure
or breathing rate of 230 cc/sec (ICRP 1975}

Dir = radiation dose equivalent factor for inhzlation from the
DACRIN (Houston, Strenge, and Watson 1974) computer code,
mrem/pCi .

Ei = the ;gnuaT averaga airborne concentration of radionuclide 1.
pCt/

AI = the area cerrection factor for inlernal exposure pathways as
discussed in Section Z.l1.4.1 and shown in Figure 2.1-1.

The following terms of Equation 2.13 are found in the MAXIL computer code:

The fnhalation dose rate factors calculated by the DACRIN (Houston,
Strenge, and Wateon 1974} computer code are inciuded in a data 1ibrary and

2.19
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CHFUTER CODE LISTING ~ OUSITE

SUBRDUTIME SCENR

Thie subroutine ostablisheow dafault parametor valuss for the
sgienhed acanario,

Bodule of O6SITE
Verslon of 2-HAY-84 RAF

INCQLLEE YORSITE, Oy

DATA
BAYA
DATA
DATA
DATA
OATA
DATA
BATA
DATA
DATA
BATA
CATA
DATA

1F
IF
iF
IF
IF
IF
IF
IF

fIRS
{IRS
(IRS
(IRS
{IRS
LIRS
{IRS
(IRS
{IRS
{IRS
{iRS
{IRS
{IRS
(IRS
(IRS

RETURN

EQ.
LT,
LT,
IEQ.
JEC.
Ed.
LEQ.
-EQ.
-EQ.
LEQ.
LEQ.
LEGQ,

HERT, ICUT F1.0/

1 Za, IWAT: 1ARG,
NG, KORG 7/ 5: 1.008,16.23 /
IM: IT2 7 1,50 ¢/
HIRR, RFFI, REFZ, RPF, MO /7 160, 1.0, 1.0y 0.2, 6 /
PFL, RFZ 7 1.0. 0.0/
10KRAT, IDNAIR, XQSITE /7 O,
XF2, 122 RIRM / 2000.0, O,
AGE, XOFY., DEN. X F /7 0.0,
LILF, M3M2 7 1.0, 1 /
MIRUD, I8S, ILOC. IRR /7 Gy
SROIL, INGY /0.2 M/
FRSIZ. MEMN. FREA&X ,1-Di

ILECn2
IFOD =0
IWATwD
15UReQ
ISURsQ
IEXT=(
IEXT=(
IMRG=)
AF2=8765,
IRR = 10
RINH = 1.0
INrAL =2
INHAL »0
RINH=0.0
ROMG=1

0! 0!0 f

3/

1. 1,0/
100! 1-04’

oy

1EXY, IAIR, IRMAL, ISUR /7 1,1.0.1,0.1.1 /

0.067: 1.0E+G, 1.0E-04 /

00N O

END

T, r
i

1.8-33
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are adoressad by MAXIl. The following terms in Equatién 2,12 are included
in those factors.

Gir vT

2.1.4.4 Dose From Extarnal Radiation

Annual doses resulting from exposure to surface- and subsurface-soil con-
tamination or exposure in a reference rocm {or vauli) are calculated using
a modifted version of Section 2.2.1.2. The modified duse eguation for
axternal exposure is shown in Equation 2.14,

n
- E
Rer Up Z D{r Ac Cip (2,14}
f=1

whare

AS = the area correction factor for external exposure, and where U ,
Di » and C1 are for external exposure and are generally
dofined 1n Equation 2.1.

For external exposura, a sensitivity study was conducted for various bota-
gamma emitiers to determine the exposure rate versus source area. The
results of the calculations are shown {n Figure 2.1-2. Since the curves in
Figure 2.1-2 are parallel, there appesars ts be a uniform correction for
reduced site area over a large rarge of source energies. Thus, we have
cetermined the ratio of the exposure rates (for small to larqe area
sources} and plotted the results versus the fractional hectare of source
area as shown in Figure 2.1-3. This figure defines the area correction
factors for the external exposure pathway. We have approximated this curve
in the ONSITE computer program as the sum of four 1ine segments as shown in
Figure 2.1-4.

The dose conversion factors for external exposure model several types of
exposyre conditions. These fnclude surface-soil contamination (using
either plane- or slab-source models), subsurface-soil contamination (using
slab sources at depths of 0.5 and 1.0 m from the scil surface), and a
finite disk source of contamination deposited on the floor or a wall in a
waste~-storage room or vaulti. These dose conversion factors are in tissue
at a point 1 m above the ground surface, The direct exposure rates encoun-
tered by the intrudew for various contamination levels in a waste-storage
room or vault are calculated using the model developed for decommissioning
a refarence room at a BWR (Oak et al. 1960). A1l of the external dose
equivaient factors are calculated for the radfonuciides of concern using
the ISOSHLD (Engel et al. 1966; Simmons et al. 1967) computer program.
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FFPEMDIX 1.B COHPUTER CODE LISTING — CNSITE

WRITE (OUT, 32007 IOUT
3200 FORMAT ('  IOUT=',IZ,', ION=1, SEND')
c
C--- adjust inventory to proper units and write to file

c
WRITE (OUT, 3300) NIN. IRR
3300 FORMAT (2I5)
c
BD 100 T = 1, NIN
G(I) = Q(I) * NYUNITC(INUT)
WRITE (QUT, 3400) ELTI(I), AWI(I), (NSOLD(J,1},J=1,5},
. Q{ly, QI(I), QJ(I), QK(D '
3400 FORMAT (AZ2,A6,511,4(1PG10.2})
100 CONTINUE

RETURN

-~= arror routines

Ao OO

992 WRITE (SCRN,9920)
9920 FORMAT ('QError in opening output fiie')
GO T0 200
c
994 WRITE (SCRN,9940)
9940 FORMAT ('OError in closing output fila')
STOP

c
c
C

END

1.8-32
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From Ingastion of Aquatic Foods

10,000

Exposure Rate Versus Source Area

As an option to the MAXIL computer program, doses resulting from the inges~
tion of aquatic foed products taken from a river contaminated by radio~

nuclides may be considered.
MAXI3 computer program and stored in the data files.

These dose factors are calculated using tie
A description of the

calculation is included although none of the default human-intrusion sce-
narios defined for onsite disposal consider this pathway.
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FPPENDIX 1.B COMPUTER CODE LISTINS - ORSITE

C-——- _.alculate output values
c
RPF = RPF1
IF (RPFZ2 .GT. 0.) RPF = RPF1 % RPF2
c
IF (INHAL .EQ. 0} RINH = 0.0
IF (INHAL .EQ. 2) AGE = -1.0
c
Cm—— execute command, title, and NAMELIST -
c

WRITE (OUT, 3100} (TITL(I), I=1,20)
3100 FORMAT ('RUN [BIO.NEWIMAXI1'/20A4/' $SINPUT NEXT=1,')
c
WRITE (OUT, 3110) IFCD, IARG, IWAT, IEXT, ISUR, 1AIR
3110 FORMAT (! IFOD=%,11,', TARG=",1I1,', IWAT=',I1,?', IEXT=',J1,/
. t ISUR=1,11,', IAIR=',I1,',"}
c
IF (IFOD .GT. Q) WRITE (QUT, 3120} RIRR, IMO, RF1, RF2
3120 FORMAT (' RIRR=',G10.3,', IMO=t',I1,
. 's RF1=1,G10.3,', RF2=1,G10.3,1,")
c
WRITE (OUT,3022) RPF1l, RPF2
3022 FORMAT (t RPFl= *,G10.3,%, RPF2= ',(R10.3,%,")
c
IF (IWAT .GT. 0) WRITE (OUT,3130) IDEWAT
3130 FORMAT (¢ IDKWAT=1,11,',1}
c
IF (IAIR .GT. 0} WRITE (QUT,3140) XOSITE, IDKAIR
3140 FORMAT (1t XOSITE=',G10.3,%, IDKAIR=',I1,',")
c
IF (INHAL .EQ. 1) WRITE {QUT, 3150) AGE, XDPT
3150 FORMAT (¢t AGE="',G10.3,', XOPT=r,G10.3,',*)
c
IF (INHAL .EQ. 2) WRITE (OUT, 3160) DEN, XMLF
3160 FORMAT (¢ AGE”"‘].: DEN=':GIO-3r't XMLF=’;GIU-3:':')
c
WRITE (OUT, 3170} RINH, DILF, XFZ
3170 FORMAT (¢ RINH=',F10.R, ', DILF='1,G10.3,1, XF2=',G10.3,1t,")
c
WRITE (OUT,3180) M3MzZ, INTRUD, I22
3180 FORMAT (' M3MZ=¥, [2,', INTRUD=',I1,t, 122=t,11,'.%)
C .
HRITE (OUT,3190) ITL, IT2, NORG, (KORG(I),I=1,NORG)
3190 FORMAT (¢t IT1=';I4:', ITZ“';I-Q»;': NORG=', 12,
. t, KORG(L1)=",5(12,1,1) )
c

WRITE (OUT,3192) SRDIL, FRSIZ., AREAIN, AREAEX

3192 FORMAT('  SRDIL=',Gl0.3,', FRSIZ=',G10.3,', AREAIN=1,G10.3,t,1/
. t  AREAEX= 4,Gl0.3,1,%)
c
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Concentrations of radfonuclides in aguatic foods are directly related to
the concentrations of the radionuclides in water. Equilibrium ratios
batween the two concentrations, called bloaccumulation factors, are taken
from Soldats, Robinson, and Baker (1974). The dose (R ..} in mrem from

consumption of aquatic food containing radionuc) {des ?gréaicu]ated from
Equation 2.15.

n
Rar = Yar E Ciw &P (-Ayty) Dy (B + B 4B, (2.15)
=1
1.0
08 |
2
& 086}
©
3]
o
[:+]
5
8
g o4
0.2
0 | i £ | !
0 0.5 0.10 0.15

Fraction of 1 ha

Figure 2.1-3. FExposure Rate Ratio Versus Fractional
Hectare of Source Area
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AFFERDIX :.B OHRFUTER CODE LISTIHG ~ ONSITE

SUBROUTINE RITFIL

This subroutine writes a file with input parameters
system canmands for MAXIl. RITFIL is calied by the
CNSITE.

QOO0 0?

Module of ONSITE
Yersion of 1-MAY-84 RAP

and
program

INCLUDE *ONSITE.CMN®
200 CONTINLE

aQ o OaoOo0000

Lrw=e- assign Jibrary files to logfcal unit devices

o

c IF {IFCR .GT. 0) WRITE (OUT, 30i0)
WhITE (OUT,3010)
3010 FORMAT {'ASSIGN [BIO.NEWIFILE20G.DAT FORD20t/
. YASSIGN [BIO.MEWIFILE21.DAT FORO2LY)
c
c IF {(IARG .GY. 0) WRITE (QUT, 3020)
WRITE (QUT,3020)
3020 FORMAT (*ASSTIGN [BIO.NEWIFILE24.DAT FORGZ241')
c
c IF (IWAT .GT. 0) WRITE (OUT: 3030)
WRITE (CUT,3G30)
3030 FORMAT (T'ASSIGN [BIO.NEWIFILEZ25.DAT FORO25'}
c
WRITE (OUT, 3040) .
3040 FORMAT ('ASSIGN [BIO.NEWIPLANSOURC.SUR FORDZ22Z")
c
IF (JLOC .EQ. 1) WRITE (QUT, 3044)
3044 FORMAT ('ASSIGN [BIO.NEWIVOLSOURC.SUR FORDZ71)
c
IF {ILOC .EQ. 2) WRITE (OUT, 3041}
3041 FORMAT (‘*ASSIGN [BIO.NEWIBURIEDHF.DAT FORDZ7T)
c
IF (ILOC.EQ. 3) WRITE (QUT, 3042}
3042 FORMAT {"ASSIGN [BIQ.NEWIBURIEDL.DAT FOROZ27")
c
IF (ILOC .EQ. 4) WRITE (OUT, 3043)
3043 FORMAT ('ASSIGN [BIO.NEWIRGOM.DAT FOROZ7™)
o ;
WRITE (OUT, 3050
3050 FORMAT ('ASSIGN [BID.NEWIRMDLIB.DAT FQROLGY/
. PASSIGN [BIO.NEWIFILEZ3.DAT FOR0OZ3t)

.! -3'30
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where
Uaf = anpual consumption of contaminated aquatic foods, kg
ciw = the concantration of radionuciide i in the water, pCi/L
Bxi B 5 Bzi = the bioaccumulation factor for radfonuclide 1, for:
+ Yl x = fish, y = invertebrates, and z = algae, pCi/kg per
pCi/L
Dir = padiation dose equivalent factor for ingestion, mrem/pCt
Ay < radiological decay constant for radfonuclide f, days*l
th = holdup tims between harvest and food consumption, days.
1.0
f -
:"—.
08k TR y=27X+067
° y=6.5X+0.48
B
c 06}
b4
&
2
3 y=20X+0.35
]
2 04l
1k}
y = 160X
0.2
0 1 I L | 1
0 0.05 0.1 0.15

Fraction of 1 ha.

Figure 2.1-4., Area Correction Factors for
External Exposure
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FEPENDIX 1.B CHEPUTER CUDE LISTIRG -~ OHSITE

IF {ITC .EQ. 0} GO TO 210
DD 212 3 = 1.5
- WRITE (SCRN.2020) ELTI(I)
2020 FORMAT (v t,4(/)," v,
. 'Elemant ',A2,' Translocation Classification:'/}
DO 213 K = 1,2
WRITE (SCRN,2021) K, CLINS(K,IXS)), IS(K)

213 CONTINUE
2021 FGRMAT (5%, IZ,' - ',AB,!' for ',A2,'soluble")
WRITE (SCRN,2022) ELTI(I}, AWI(I), CL{NSCLD(I.I}},
. ORGIKORG(1))
2022 FORMAT (//' The translocation index for ',A2,A6,' is ',
. AB,1 for ',A8/
. ' To change enter index.'}

CALL CHANGE ({1}, ICFLAG, IX, (1}, {3}, RX,RL,RH,REX)
IF (ICFLAG .(EQ. 1) NSOLDUJ.I) = NS{IX,IXS)

212 CONTINUE

Z210 CONTINUE

CALL QUANTI (D
GO TO 149
c
148 CONTINUE
FIRTIM = 1

RETURN

—————— SO MOSSagas

OO OO0

990 WRITE (SCRN,S9000)
9000 FORMAT (' Error opening radionuclide library.')
sTOP
c
992 WRITE (SCR«,9002)
9002 FORMAT (' Premature end-of-file discevered in library")

c
c
c

END

}.8-28
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The following term in Equation 2.15 1s Jecated in the MAXIL computer code:

c1u

ﬁquat1c foods' dose rate factors calculated by the MAXI3 computer code are
fncluded in a data 1ibrary for access by MAXIL. Included in those factors
are the following terms of Equatfon 2.15:

Uaf exp (‘A1th) Dfr [Bxi * Byi * Bzi]

2.2 Computer Implementation

Estimates of the maximum annual radiation doses resulting from the exposure
scenarios described in Section 2.1.1 can be made using environment-spacific
information and computer codes contained in the ONSITE/MAXI1 software
package.

The package contains two primary computer programs, ONSITE and MAXIl, as
well as an extensive data base. Two additional programs, MAXIZ and MAXI3
are included to allow modification of the data base. Figure 2.2-1 depicts
the general process flow of the ONSITE/MAXI1 software.

The data base contains dose conversion factors applicabie to the onsite
disposal environment described in Section 2.1.2. This data base 1s dis~
cussed in detaii in Section 2.3. The following sections contain descrip-
ttons of the ONSITE/MAXI) computer programs, an overview of software opera-
tion and a discussion of capabilities, restrictions, and execution perfor~
mance of the software.

L

2.2.1 Computer Programs Descriptions

The ONSITE/MAXI1 software package contains four computer codes as shown 1n
Figure 2.2-1. ONSITE i1s an interactive user inierface that aljows the end-
user to simply and efficifently create and use the radiationexposure
scenarfos. MAXILl is then used with the scenaric information to calculate
the maximum annual dose to an exposed individual from selected pathways.
MAXI2 genarates intermediate dose conversiorn factors for food pathways that
are stored in the data files. MAXI3 calculates the data files containing
intermediate dose conversion factors for aquatic pathways. The foilowing
sectfons contain descriptions of each of the computer codes:

2.24
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APPERDIX 1.B CO#PUTER CCDE LISTING ~ OMSITE
WRITE (SCRN,2400)

2450 FORMAT (v 1,10(/)," t,700(0),///)
C
300 CONTINUE
c
ICFLAG = 1
c
WRT = (SCRN, 1010}
101v FORMAT (//* Enter new 2-character element 1,
. * (99=finished): 1)
READ (KEY,8005) IZ
8005 FORMAT (AZ)

IF (IZ .EQ. '99') GO TO 148

WRITE (SCRN, 1011)
1011 FORMAT (tQAtomic number {nput can be up to ¢!,
16 characters long.'/
' Include metastable (M) and daughter (+D} designation,*,
' (f.e., TELZ2TMHD)Y//
' Enter atomic number: '}
READ (KEY,8003) R8X

DO 140 IX = 1, NUC
IF (IZ .EQ. E(IX) .AND, RBX .EQ. A(IX)) GO TO 142
140 CONTINUE .
WRITE (SCRN,2401)
2401 FORMAT (///*% 1717 Radionuclide not founi in library, '»
. 'try again 712%%//)
GOTC 300

142 CONTIMUE

DO 144 IN = 1, NIN
IF (ELTI(IN) .EQ. IZ .AND. AWI{IN) .EQ. R8X) THEN
WRITE (SCRN,2402)
2402 FORMAT (///%22%? Radionuclide aready included, %ry 1,
. tagain 2?311//)
GO TO 300
ENDIF
144 CONTINUE

IXS IX
NIN = NIN + 1
I=I+1
ELTI(I)=IZ
AHT(I)=R8% :
. DO 143 1 =1, 5
NSOLD(J,I) = NS(1,IXS)
IF (XORG(J) .EQ. 8) NSOLD(J,I} = NS(2,IXS$?
143 CONTINUE

1.8-28
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2.2.1.1 ONSITE Computer Program Description

ONSITE {s an interactive computer program that allows the user to access or
creats radjation-exposure scenarios us3d to estimate the dose-to-man
resulting from onsite disposal of radicactive wastes. The software
solicits scermario information from the user, controls parameter modifica-~
tion, selects the appropriate data libraries for running MAXIl, and con-
structs the input file for MAXIl. ONSITE wac designed to make the creation

\i—— ONSITE ‘-‘(m“’} MAXI1 report

————
i
|

-
F;
'
!
1
'
‘

1
=
- 1
> g
g
N
el
i
-
;

| hemmo MAXIS Pes ;
( 27 >~_

EXCIHNE

Figure 2.2-1. ONSITE/MAXI1 Software Frocess Flow Chart
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ARPPEYDIX 1.8 CHPUTER OCDE LISTTHG - GHSITE

IF (INMAL .EQ. 0O ) 60 TO 410
BRITE {SCRN,4101)
4101  FORMAT (% 1,20(/),v ¢,
*Do you wish to review and/or change solubilfty classificatfont
/' for sach organ for each radionuctide. The default assump=-"1
/' tion fs elements are insoluble for lung and soluble for allt
/% othar organs. (N/Y)}!)
READ (KEY,B0O0L)} IDUM
IF (IDUM .EQ. 'Y' .CR. IDUM .EQ. 'y") ITC =1
410 CONTINUE
EHDIF

L] . * &

c
Cew- test if this is original or additional fnventory and set flags —=e=cecm--
c
IF (FIRTIM .EQ. 0) THEN
NIN = 0
I=0
ELSE
I = NIN
ENDIF
c

Cem== {nftialize quantity arrays -—
c

IF (FIRTIM ,EQ. 0) THEN

BO 610 IQ =1, 100
G(IQ) = 0.
QItIq = 0.
aJ(igy = 0.
QK({I® = 0.

610 CONTINUE
ENDIF
c

Cer=w signal beginning of inventory input
c

208 CONTINUE
WRITE (SCRH.1100)
1100  FORMAT (' ',20{(/),' ¢,
*Tha following questions pertain to the radicnucliide '/
' inventory. After {nputting the inventory, entert'/
Y "99" for element name to signal to the program that '/
' you are finished.t///, ¥ t,70( &')//
! Press <return> when you have finished reading:t}
READ (KEY,8001) IDUM
8001  FORMAT (AL)

c
c
C-—-~ input name and source terms for each radionuclide -
c
149 CONTINUE
c

1.8-27
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ond exscution of a spocific scemario us easy for the user as possfble. If
the defoult "envirommani® is used, ONSITE is the only computor program that
the user necds to interact with because this interactfon automatically
produces results from MAXIL. Tho ONSITE progrem gives the user the option
of changing any parareters of selected pathways used tn the radiatione
exposure sconarfos, Each parameter ts deoscribed i1n terms that should be
moaningful to tha cnd-user. The dimensfonal units and the upper and lowor
bounds of each parameter are displayed for each paramster. Each value
entered by the user Is tested against upper and lower Yimits when applica-
ble. If the valus is not accepted, the usar 15 asked to re-ante.” the
value. Default {or assumed maximum! values and conditions are activated by
4 null entry {e.g.r simply pressing the <return> key on the tsrminall.

2.2.1.2 MAXI) Camputer Program Descriptfon

The computer program MAXIL 18 used to calculate the maximum annual dose to
at oxposed ifndividual from a large number of exposure pathways. This
program usos dese conversion factors fram the DACRIN (Houston, Strenge, and
Watson 1974} computer program for estimating doses rrom inhalati o of
airborne radionuci {des. Thao dose converston factors from DACRIN are based
on the Internationa’ Commission on Radfological Protectfon's (ICRP) Task
Group Lung Model (LM (Bgalith Phys. 1966), For ingestion pathways, for
efthor food products or drinking water, dose conversion factors from the
HMAXI2 ang MAXI3 computer programs are usod by MAXIL, These cose conversion
factors all raly on the costmetry mogel of ICRP Committee II as roportod in
ICRP Publfcation 2 {1959). For extaernal euposure, dose convarsion factors
from the ISOSHLD (Engel et al. 1966; Stmnons et al. 19671 are used by
MAXIl. These factors relate the radionucl fcde source strongth to the dote
rate {n tissus 1 m sbove an {nfinite plane or slab of contamination.
External dose conversion factors are supplied for surface-soll contaming-
ticn, and for slabs of burfed contamination at depths of efither 0.5 or

1.0 m. External dose conversion factors from an optional room exposure
condition ¢re also avaflable. lhese factors are intended to mode) doses to
an intruder who may enter a room (or vault) used for storage of radicactive
w2stes. The room model was originally developed for a study concarning
decanwnissioning of a reforence Boiltng Water Reactor (BWR) (Oak et ai.
1980). A sensitivity analysis for the dose rate resporse of “YCo surface
contemination fn a room of various sizes indicated a dose rate increase of
a factor of two or less from small to large rooms {02k et z21. 1580.

p. F=18). Thus, dose factors for a room of 100 m° volume are assumad to Lo
reprasented by a plane source that appears to provide a reascnable estimatn
of the dose resulting fh most sizes of rocms that may be encountered.

Exposure pathways that can bo modeled include 1) direct external exposure
to contaminated soil or building surfaces., 2) fnhalation of resuspended
materfal. and 3} ingostion of contaminated foods and aquatic products. The
time of the maximum dose rate to fndividual organs of reference is calcu-
Yated and the annuzl dose for that organ is reported.
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SUBROUTINE RADIN

This subroutine cortrols fnput of the radionuclide master library
and user radiclegical inventory tnput

Hodule of ONSITE
Yorsion of 24~APR-B4

INCLUDE tONSITE.CHMH?

O OO0QOOO0OCO O

REAL®*8 R3X, ORG(23), CL(3)

DIMENSION E(300), A{300), NS(Z,300}, 15(2), IDORG(S)
REAL®*8 A

INTEGER E

DATA ORG /'tot body','hody H20','kidneys ‘»'liver ', 'sploen !,
'hone 1,1fat t,*lungs ',tacremalst','testes Y.
Yovaries ','skin ‘,'bratin ".'muscle ','prostrat',
'thyroid ','pancreas',theart ','Gl FoFstanach s
tam, int.t.tULL v, LRI t/

DATA IDORG 7/ 1,6,6.,16,23/

DATA NIN, I /0,0/

DATA IS /7t Y, t'int)

DATA CL /'Class D *,*Class ¥ ', 'Class Y '/
DATA FIRTIM /0/

C~-=~ read in radionuciide library -

IF {(FIRTIM .EQ. 0) THEN

NUC = 1
READ (10,8003} IDUM
8003 FORMAT (AB8)

100 CONTINUE
READ(10,1001,END=892) E(NUC), A(KUCY, IM, (NS(J.NUC),J=1,2}
1001  FORMAT(AZ,AB,8%,12,41X%,211)
IF (IM .20, 0) GO TO 200
NUC = NUC + 1
GO TO 100

200 CONTINUE
ENDIF

C---- 5ot flag if translocation review/check desired
IF (FIRTIM .EQ. 0) THEN
ITC =0

1.8-26
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2.2.1.3 BAXIZ Compuier Progras Dascripticn

The onsfte disposal Penvironment® (Sscticn 2.1.2) is applicable to all the
scenarios pressnted in Ssction 2,1.3. MAXIZ ised be ussd only when &
differont Yenvironmant" is definaed. HMAXIZ genarates duse conversicn
factors to account for deposition on farm or gardan soll and crops. Leaf
machanisa dose rate factors are written to a computer file assigned to
logical unit 20. The computer file assigned to logical unit 21, called
FILEZ1, contains dose conversion factors to account for deposition onto
s0il In which food crops are grown. HAXIZ slso generates extarnal doss
rate factors for exposure to soll surface contamiration. These faclors are
writien to thoe computer file assigned to logical unit 22, called FILE22Z.
The computar code ISOSHLD {Engel et al. 1566; Stmmons ot al. 1967} 15 used
to calculate surface external dose rate factors. A listing of the MAXIZ
code ts found in Appandix 2,B. The input files to MAXIZ that gurerated *tha
dosa corversion factors for the onsite disposal “environment™ are ircluded
tn Appandix 2.B as an oxample of code usage. MAXIZ 1s & specialized
vorsion of the FOOD (Napier. et al. 1G80) computer program. The user s
referrad to that cocument for theoretical and operational information.
Difforences between the MAXIZ and FOOD computer codes are discussed In
Ssction 3.1.2.

2.2.1.4 MAXI3 Computer Program Description

MAXIZ was usad to dofine drinkfng-water and aguztic food-pathway factors
for tha onsits disposal "enviromment™ described in Section Z.1.2. This
Nanvironmant® fs applfcable to all the scanartos presented in Scction
2.1.3. MAXIZ need be executed only whan a aifferent "anviromment™ is
considerad. MAXI3 ¢snerates dose conversion factors for contaminated
drinking water and aguatic food harvestec from contaminated water.
Drinking-water dose conversion factors are written to a computor file
astigned to logical unit 24, called FILEZ24. The computer flie assigned to
logical unit 23, called FILE25, contains dose conversion factors to account
for Yngostfon of comtaminated aquatic food products. A listing of the
MAXI3 code fs found in Appendix 2.C. The fnput files to MAXI3 that gsn~
erated the dose conversion factors for the onsite disposal M"environment"

-are shown in Appendix 2.C as an example of coce usage. MAXI3 1s a spe~

ctalized version of tho ARRRG (Napter, ot al. 1580) cumputer program. The
user may referaence that document for theoretical and cperational infor-
mation on MAXI3, Differences betwcen the MAXI3 and ARRRG ccmputer programs
are discussed in Section 3.1.2.

2.2.2 Operation of the ONSITE/MAXIl Software Fackage
Section 3 contains 2 detailed discussion of the operation of the ONSITE/
MARIL software package. A theoretical overview of scfiware operaticen is

presented hare. Three levels of operatfon wiil be defined and the software
process flow will be prasented.

2.27
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304  CONTINUE
c
WRITE (SCRN,1060) ELTI(I), AWI(I)
1660 FORMAT (/7 1,
. tEnter the concentration of ',AZ,A6,' in the irrigation ',
. 'water at start of'/' calculation (units: pCi/liter}:"}
READ (KLY,#} RX
c
IF {(RX .LT. 0.) GO TO 304
G
QI(I) = RX
IF (QI(I) .GT. 0.} IWRL=1
c
302 CONTIRUE
c
WRITE (SIRN,1070) ELTI(1), AWI(ID)
1070 FORMAT (//¢ 1,
. 'Enter the concentration of ',AZ2,A6,' In the drinking water',
. ' at start of¥/' calcutation (units: pCi/Titer): "}
READ (KEY,#*) RX
IF ‘RX .LT. 0.) GO TO 302
QJ(I) = RX
IF (QJ(I) .GT. 0.} IWRL=1
c
c
301 COWNTINUE
c
c
RETURN
o
C -
END
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2.2.2.1 Levels of Oparation

This software package fmplemants the scenarios discussed {n Section Z.1.3.
The user is asked to supply information specific to the selected scenario
and systen information as defined tn Saction 3.1. No further interaction
botweon the user and the sofiware is necessary. The scenario will be
executed and a repori prepared autcmatically. This is the principal
intended scope of the ONSITE/MAXIL scftware package. However, the user is
allowed to uze the software for a wider range of applications. Three levels
of operation have been defined to clarify this extended use of the

sof tware,

Level 1. The ONSITE/MAXIL software package 1s designed to be used for
assessing fmpacts from the onsite disposal of low-level wastes. This is
the intended principal use of the software package. The data base contains
information on the "environment" described in Section 2.1.2. Five sce~
narios have bean dofined that may be executed within the context of that
"anvircamant.” The ONSITE program is used to select and establish param-
aters for a scenarfo. The user {5 assisred during scenario creation by a
restricted set of parameters and restricted ranges of values for each
parametsr.

Lavel 2. The user may define a different “enviromnment" by using the MAXI2
and MAXI3 computer codes, The ONSITE program can then be used to evaluate
‘he five defined scenarfos within the context of the newxly created "envi-
ronment.” It is the user's responsibility to detarmine the validity of the
"apv{ronment® and the appropriateness of the defined scenarios to this new
"envirorment.”

tevel 3. The user creates a new "environment™ with the MAXI2 and MAXI3
computer codes and establishaes scenarios by manfpulating MAXI1 {nput
parameters directly. This level of operation shouid not be attempted
without a thorough understanding of MAXIL theory and operation because the
fnterrelationships between MAXI1l {nput parameters are complex. The user
nust determine the velidity of the “environment' and the scenarios., and the
appropriateness of scenarfo application to the "envirommant.®

2.2.2.2 Software Pro;ass Flow

Figure 2.2-1 depicts the general prdcess flow of the ONSITE/MAXI1 software.
The process flow detalls for each of the three levels of operation are
discussed blow,

Level 1. The user executes the ONSITE program, fnputting scenario selec-
tion and inventory. ONSITE allows paramster modification for selected
pzthways. A computer file that perameterizes the scenario is created by
ONSITE. That file, ihe master radionuciide T1ibrary, and the files that
dof ine ths onsite disposal "enviromment" will be accessed by MAXI1. WMAXIL
produces a printed report of dose estimates.
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SUBRCUYIKE QUANTI (I}

This subroutfne rejuests the quantity of the current radionuclide
for sach of the selected pathuways.

Module of ONSITE
Verston of 1-HAY-84 RAP

Caal
’ c-
~ c
c
c
c
by c
R c
, c
¢
C
¢
c
c
)
= c
N
[
¢
o
10 ¢
P
£
. c
N 1050
m L[]
5
206
c
it c
1052
L]
i

INCLUCE 'ONSITE.OMNY

REAL.*B RBX
DIMENSION WHERE(3.,2)

DATA WHERE /'dopo'ctsite'.'d ont,

thurtt,'ed a'»'t \Fi

202 COHTINUE
IF {IRS .EQ. 4) GO TO 206

IF (M3M2 LT, O .QR. M3M2Z .GT. 2} M3M2 = 0

IF (ISUR .EQ. 1 .OR. ILOC .EQ. 4) THEN
IA =1

ELSE
TA= 2

ENDIF

RRITE. {SCRN, 1050} ELTI(I}, AWI(I), (WHERE(J,IAY,J=1,3).

NVROTRUTY p (UNITS(J,M3M241), J=1,2)
FORMAT (/7 *,
‘Enter the quantity of *,AZ2,A5,2A4,' the site at',
* start cft/' calculation l(units: ¢, Ad, 2AB,1) ')
REARD (KEY,®*) RX
IF (RX .LT. 0.} GO TO 202
Ql{Iy = RX

CONTINUE
IF (IRS .LT7. 4) GO TO 301

WRITE (SCRN,1052)

FORMAT (' 1,14(/)," ¢,

' To considaer only frrigation or only drinking water !
tcontamination, '/

' anter zero guantity for the other pathway.¥)

1.8-24




Laval 2. The user first defines an "enviromment™ by executing MAXIZ and
MAXI3. The computer data flles describe the newly created environment.
The ONSITE code fs thon executed as in Level 1.

Level 3. The user defines an "environment" as in Level 2. The user by-
passas the ONSITE program and creates the input stream for MAXII using a
system editor.

2.2.3 Capabilitfes, Restrictions and Performance

The capabllities and Tnherent restrictions of the ONSITE/MAXI computer
impTementation are discussed for the following areas: "enviromment"/scenarfo
definition, pathway selection/parameter modification, inventory selection,
and organ selecticn. Capabllities and restrictions vary depending on the
leval of operaticn. Operation level are noted with each comnent below.

2.2.3.1 YEnviromment"/Scenario Definition.

Levels 1-3. Section 2.2.2.1 defines three levels of ONSITE/MAXI] software
usage. User responsibilities coancerning definition of the Yenvironment,
the scenarios, and their interrelationships are noted at each of the levels,

2.2.3.2 Exposure Pathway Selection/Parameter Modification

Levglg l~2. Five default scenarics have been implemented 1n this applica-
tion. The user is allowed to change parameter values for each exposure
pathway considered. Default pathways have been established for Scenarios
1-4. Scenario 5 allows the user to select any combination of exposure
pathways and exposure conditicons.

Level 2. Any of the defined exposure pathways may be selected. Allowable
pathways are extsrnal expesure from surface and/or buried wastes. ingestion
of farm products grown on contaminated scil, ingestion of drinking water
from a contaminated source, and fngestion of contaminated aquatic food pro-
ducts. Any associated parameter values may be modifiad.

2.2.3.3 Inventory Selection

Levals 1-3. No default inventory has been established. Up to a total of

50 radionuciides may be constdered. The default libraries for use in Level 1
contaln information on 100 radionuclides. Several of these radionuclides
(shown in Table 2.1-3) are listed with 2 +D (plus daugh%ers) designation.

For these radionuclides, the energies of the short-1ived daughters ir
equilitrium with the parent radionuclides are included in the organ dose

2,29
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FFPEHDIX 1.8 CEFURR CODE LISTVING - OMSIVE

IR =)
IF (IRAT .£Q. 1} 1Ae2
WRITE (SC4.2Z006) AHS(IA)
FGRMAT (v ', 240/, 13X,
'Do yov wisn to consider drinking water ingestion '/
l1dx,*from . contaminated welil? t, A8)
READ (KEY,8004) IDUM

2

- s e g e T v

2

c

IF (IA (EQ. 1 .AND. (IDUM _EQ. 'v! .OR. IDUM ,EQ. 'y')} IWAT=}

IF (IA .£Q. 2 .AND. (IDUM .EQ. *N' .CR, IDUM .EQ. *n')) IWATeD
c

IA = ]

IF (IARG .EG. 1)} IAs2

WRITE (SCRN,2007) ARSCIA)
2007  FORMAT (t v, 24(/), 13X,

'Do you wish to consfder consumption of aquatic'/

14X, *food from & contaminated river? ', AB)

READ (KEY,B004) IDUM
c

IF (IA (EQ. 1 .AND. (IDUM ,EQ. tY' .CR. IDUM .EQ. 'y')} IARG=l

IF (IA JEQ. 2 .AND, (IDUM .EQ. WY (OR, IDUM ,EQ. *n')) IARGxQ
C
2000 CONTINUE
c

RETURN
c
c
END
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and extornal dose calculations. For other radionuclidss, chain dgcay
calculations are parformed and daughters are parmitted to rsach their
oquitibrium values.

. The “hventory 1s rastricted to radichuclides appearing in
Tablae 2.1-3.

Lovels 2-3. Dase conversion factors are created for up to 100 radie-
nuclides defined in the Yenvironment.™ Different radionuciides than those
included in the reference "envirgmmsni®™ may be included at this level of
operation. Subsequent scanarfos are restricted to this set of radionu-
clides.

2.2.3.4 OUOrgan Selectien

Level 1. Doses to the following organs may be considered: total body,
bone, Tung. thyrotd, and the lower large intestine (LLI} of the GI tract,

Levalg 2-3. Dose conversfon factors are generated for up to five organs
deffnad in the Menvironment", These organs can be selected from the allow
able organs discussed in Section 4.5. Dose conversion factors are based on
data tor each radionuclide {n the radfonuclide master Tibrary (RMDLIB), the
organ data ltbrary (ORGLIB) and transfer factor libraries (FTRANSLID,
CGROFLIB, BIOAC). The user must determine {f CRGLIB has sufficient datas for
each s=lected organ,

2.3 Data Base

The user 15 assisted in the appropriate use of the data base by the com-
puter program ONSITE. ONSITE asks the user questtons that are appliicable
to the scenario under constructfon. From the responses to those questions,
ONSITE selects the appropriate files from the data base. An understanding
of the cdetailed information which follows {s not nacessary for the suc~
cessful execution of ONSITE/MAXIl. The intended audfence is those inter~
ested in the organization and content of the data base and Level 2 and
Level 3 users (defined in Ssction 2.2.2.1) who are Zefining a different
Yanvironment.”

The ONSITC/MAXI1 data base is composed of elaven data files. The relation-
ship of the data base to the computer codes is depicted in Figure 2.2-1.
RMDLIB 1s the master radionuclide 1ibrary containing chain decay and
translocation class information. The balance of the files contain dose
conversion factors for various pathways.

2.30
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SUBRGUTINE 0PTION

This subroutine allows tho user fto select various oxposure
petheays fof the construction ¢f a sconarfo.

Hodule of ONSITE
Version of 17-APR-84 RAP

O TTaOOOaOn0 O

2002

INCLUDE *OWSITE. O

REAL¥S ANS{D)
DATA ANS /0 10/Y) YLHLY N v/

IA=]

IF (ISUR .EQ, 1) IR = 2
WRITE (SCRN,2002) ANS(IA)
FORMAT (v *,24(7), 14%,

. Do you wish to constder axternal exposure to surfacal/

2004

8004
c

2005

14X Ycontanination? '.A8)
READ {ELY,8004) I0UR

IF (1A (EQ. 1 JARD, (IDUM JEG, 'YY (OR. IDUM (EQ, "y'}) ISUR=L
IF (IA (EQ. 2 .AND. (JDUM .EQ. *N® .DR. IDUM ,EQ. 'n')} ISUR=D

IA =1

IF {IEXY .EQ. 1} IA=2

WRITL (SCRN,Z004) ANS(IA}

FORMAT ( *, 241/), 14X,

. 0o you wish to consider external exposurs and crop Y/
J4&X,tnonetration to ceeply buried waste? *,AB)

READ (KEY,B8004) IDUM

FORBAAT (AL)

IF (JA EQ. )1 .AND, (IDUM (EC. *Y' OR, IDMAM4 (EQ. "y'}) IEXT=l
IF (1A (EQ. 2 .&:D. (IDUM .EQ. N .CR. IDUM .EQ. *n*)) IEXT=0

IA=1

IF {IFQD .EQ. 1) TAe2

WRITE (SCRN,2005) ANS{IA}

FORMAT (v %, 240/}, 14X,
. 'Do you wish to consider farm product ingestion 7Y/
. 14X, A3}

READ (KEY,8004) IDUM

IF (1A .EQ. 1 .AND. (IDUM .EQ. 'Y* _OR. IDUM ,EQ. "y*)} IFOD=}
IF {IA EQ. 2 AND, (IDUM (EQ. Kt ,OR. IDUM .EQ. 'n*)) IFCD=0

1.8-22
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2,3.1 Radfonuclide Master Library for MAXIL - RMDLIB

The radionuciide master data library (RMDLIB) contains all radiclogical
decay data used by MAXI. The 1ibrary is organized into two sections. The
first section contains radionuclides that are not members of decay chains,
and also radfonuclides singted out fram chatns with the "+D" (pius
daughters} designation. Radionuclides in the first section are arranged by
inoreasing atomic number. The second section of the library contains
radicnuclides organized into decay chains ordered under the radionuc]ides
hivhest in the chain. RMDLIB contains about 280 entries.

The first record of the 1i{brary contains 80 charactsrs of descriptive
jnformation used as identification in the input data report printed by
MAXIl. The balance of the data records have the following information:

Column 1 + Alphabetic element symbol

Column 2 =~ Atomic wetfght, also metast:fie (m) and/or plus daughters
(+D) designation

Column 3 - Radiological half-Tifes days

Column 4 = Index of relative position in decay chain
{0 is highest position)

Column 5 <~ Index of precursor in decey chain (as {dentified in column
4 of the precursor)

Column 6 -~ Branching ratio for primary precursor

Cotumn 7 =~ Index of alternate precursor in decay chain

Column 8 =~ Branching ratio for alternate precursor

Column 9 < Transiocation class asstgnment for soluble state of
aelement

Column 10 - Translocation class assignment for insoluble state of
element

Translocation refers to the rate at which radionuclides are transported by
body fluids from the lungs to the blood and GI tract after inhalation. For
inhataticn calculations, transltocation classifications are made for each
organ based on the usage of the Task Group Lung Modsl (ICRP 1966). The
translocation indices used in RMDLIB raefer to the following classes as
defined {n ICRP (1966):

Index 1 o (Class D Materials. A maxtmum clearance half-time of less
than a day.

Index 2 « (lass W Matertals. A maximum clearance half-time ranging
from a few days to a few months.

Index 3 o (lass Y Materials. A maximum clearance halif-time of from
six months to a few yeats.

ONSITE/MAXI) assumes that for inhalation all elements are insoluble for the

lungs and soluble for the other organs. This assumption tends to maximize
the organ dose. The translecation classification for scluble and inscluble

2.31
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HRITE (SCRN,1880) HORG
1600  FORMAT (* F,200/7),% ¥,
. 'tha nuabor of organs consfdored is *,12,' (range = 1 to 53¢/
« ' Total body must always bo ore of the selected organs.t)
CALL CHANGE {(1), ICFLAG, IX,. (1}, (5}, RX, ﬁ.. Rit, REX)
IF (ICFLAG.EQ.I) NORG = IX

PO BID I = 1, NORG
KRITE (SCRN,1810)
WRITE {(SCRN,1812}
WRITE (SCRM.L1811} I, XORG(I}
1810 FORMAT (2 1,
*Tha avatlladle organs are:'//

. t 1-Total bocdy Y9~Adrenals 17«Pancreast/
. ' 2-Body wmatar 10-Testes 18~Hosrtt/
. ! F-Kignays 11=0vartes 19-G1v/
. t 4~Liver 12-Skin 20=Stomacht/
. ' S=Sploen 13-Bratn 21-5nall intastinet®)
1812 FORMAT (v ¥,
. ' 6-Bone 14-Muscle 22-Upper large fntestinet/
. t T.Fst 15-Prostratoe Z3-Lower large intestine'/
. ' 8~Lungs 16-Thyroid®//
1

The ONSITE dose rate factor files have data on total body'/
' bong., lungss thyroid, and LLI. If you wish to vse other')
1811 FORMAT (* ¢,

. ‘organs, a new onvirorment must be created. See Section 2.2%/
. ' of the Users Manual.t//
. * The current seloction for organ *.IZ,! s ',I2)
CALL CHANGE (€1}, ICFLAG, IXs (1), (23}, RX, RL, RH, REX)
IF (ICFLAG.EQ.1l) KORG(I) = IX
810 CONTINUE
C
800  CONTINUE
RETURN
c
c
END
_ 1.6-21
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wil1l ba read by the ONSITE computer code and appliied to sach organ
according to the above assumption. The default translocation assignwments
may be modif{ed by the user during scenario creation.

The RMDLIB FORTRAN format is (A2, A6, E10.2, 212, F7.4, 12, F7.4, 22%,2I1).
The parameter in column four {s used to signal the end of the data 1ibrary
{2=0). A listing of the library is jocated in Appendix 1.C. ONSITE

reads a shortened versfon of RMDLIB containing only those radionuclides
defined for the onsite disposal enviromment entitled RMDONS (Tistesd in
Appendices 1.C and Z.A). :

2.3.2 LlLeaf Mechanism Dose Rate Factors -~ FILEZ0

The file assigned to logical unit 20, called FILE20, contains Menvironment"-
specific leaf-mechanism dose rate factors for 1 pCi per cubic meter 1n

air. Each record of the file contains dose rate factors of one radionu-
cltde for selected organs, The file is arranged into sets of records for
each year. The sets are delimited by a blank record. The file organiza-
tion, corresponding MAXI1 variable names, and FORTRAN formats of FILEZ20 are
as follows:

Ling 1 o Descriptive title, TIT20; (20A4).

Line 2 s Type descriptor, ID;
number of years of data, NYRL;
number of isotopes. NISCL;
number of organs, NURGL; (5X, A4, 315).

Line 3 * Index of organs, KORGLS{{),
for 1 ranging from one to NORGL; (5I5).

The following set of records follows for sach year of data (k); a total of
NYRL sets:

Line A =« Blank line

Next NISOL lines = One line for each fsotope (1) containing:
element symbol as v the master radio-
nucltde library, LLTLS(i};
atomic number as in the master radfio-
nuclicde library, AWLS(i};
dose rate factcr for KORGLS(J) where
J ranges from one to NORGL,

DINCL(Kk,i,3);
(AZ; A6, 5E12.2).

FILEZ20 contains dose rate factors fur five organs for 100 radionuclides for
fifty years. The organs are total bodys, bone, lungs., thyroid, and the
Tower large intestine of the GI tract. Consumption parameters incluged in

2.32
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1320

310

1330

325
300

FFTENDIK 1.8

WRITE (SCRNM,1310)
FOFMAT (* ¢V,

COFFUTER COZE LISTING - QNSITE
IF (AL LEG. 2) GO TO 310

AGE

*The nusber of yaars that contamination cxisted®/
t* on the gurfacoe at the start of tha scenmarto ',

* is 'L, IPGL0.YAY years.

CRLL CHANGE ((2),

ICFLAG, 1X: Il

IF (JICFLAG.EQ.1) AGE = RX

AvCM » XOPT * 15.0

WRITE (SCRM,1320)
FORMAT (' ¢,

ANCM

{range = 0.0 to 25.0})")
IH: R, {0.0),(2%8.0}, REX)

tThe top '.F4.1.% cm. of the contaminated surface sofll/

t lsyar is aveilable for resuspension

{range = 0.0 to 15.0")

CALL OMANGE ((2), ICFLAG, IX, IL, IM, RX, (0.0),{(15.0), RBX)

iF (ICFLAG.EQLY1Y X
CORTIRUE

DPT = RX/15,

IF (INGAL LEQ. 1) GO TG 220

WRITE (SCRN,1330) DENM

FORMAT (' ',

*The donsity of the sofl {s ',1PGlL0.1.,' grams per cubic !

‘motar.t/!

{range = 1.E5 to 5.0E7) ')

CALL CHANGE €{(2)}. ICFLAG, IX, IL, IH, RX, i{l.ES5),{5.E7), REX)
IF (ICFLAC.EQ.1) DEN = RX

WRITE {SCRN.1340) XMLF

FORMAT (* ¢,

"The Muss Loading Factor is ',1PG10.1,' grams per cubic !

‘meter.t/' (range
CALL CHANGE ((2),

= 1.E6~7 to 0.1
ICFLAG, Ix,IL,IH,

IF (ICFLAG.EQ.1) W&F = R¥

CONTINUE
CONTINUE

Ce———we review/querv/mod{fy organ parameters

c
c

GNAME(]) = Torgan
GNAME(2Z) =

CALL GRCUP (IGFLAG,
IF (IGFLAG .EQ.

GNAME)
0} GO TO 800

1.B-20
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the dose conversion factors are listed in Table 2.1-1. The radionuclides
considered arae listed In Table 2.1-3. The first page of this default fiie

is printed in Appendix 1.C. A complete 1isting of the default file is
given in Appendix 2.A.

When creating a new Menviromment," the computer code MAXIZ {s used to
generate this fi1le. MAXIZ is a special version of the FOOD computer code
(Napfer ot al. 1580). The usar is raferred to that document for detailea
information. Instructions for exscuting MAXIZ are given 1n Section 3.1.,2.
MAXIZ outputs leaf-mechanism dose rate factors to the file assigned to

logical unit 20. The MAXIZ input file that generated FILEZD for the onsite
disposal Yenviromment" is iisted tn Appendix 2.5.

2.3.3 Soi11 Mechantism Dosae Rate Factors « FILEZ2]

The file assigned to logical unit 21, called FILEZl, ccntajns "environment™
~specific sofl-mechanism dose rate factors for 1 pCi per square meter in
soil. Each record of the file contains dose rate factors of ons radionu-

¢lids for selected organs. The file is arranged intc sets of racords for
each year.

The sats are delimited by a blank record. The file organization, corre-
sponding MAXI1 variable names, and FORTRAN formats of FILE2]l 1s as foliows:

l.ine } e Descriptive title, TITZl; (20A4).

Line 2 » Type descriptors, ID;
number of years of datas NYRS;
number of isotopes. NISOS;
number of organs, NORGS; (58X, A4, 3I5).

Ling 3 » Index of organs, KORGLS({),
for 1 ranging frum one to NORGS; (5I5).

The following set of records follows for each year of data (k); a total of
NYRS sets:

p———

Line A » Blank line

Next NISOS 11ines + One 1ine for each isotope (1) containing:
element symbol as 1n the master radio-
nuciide Vibrary, ELTLS(1);
atomic numbar as in the master radio-
nuclide library, AWLS({);
dose rate factor for KORGLS(3) where
J ranges from cona to NORGS,

(A2, A6, 5E12.2).
it

2.33

t
ERREN T *F AN, .{ju!

mdiww"_' -



7 2

AFFamIR 1.8 CUTER OO0E LISTHE -~ QRSITE

GRASE(LY » fext. axp!?
GRANE(ZY = fosure ¢

CHLL GROUP (IGFLAG. GMAME)
IF {IGFLAS JEQ. O GO TO 200

IF 15Uk .EG. O 63 TQ 210
WRITE (SCRMLIZIOS 122
1210 FORMAT (¢ 9,200/, ¢,
fOtd you uss MAXIZ to genorete & spacial external exposure'/
fogune rate frotor file far this scenariol {Jdefeulitet,
ardrad
IS8R0 » rotS18X, %] - yout}
CCALL CHANGE (E1), ICFLAG. 11X, (O}, (1), PR,RL, P8, ROX)
IF (ICFLAG,EOLL) 122 = 1K
210 CONTIRUE

. * ¥ [ ]

EKRITE (SORN,1200) XF2
1200 FORMAT (% f,.200/48,% ¢,
o PThe mumier of hours of eaposure to oxteraal contasmination ¥,
« /Y oper vear 5 FLIPGL0L3. iranga » 0.0 to MILE Y)Y
CALL OARGE ((2), ICFLAG, 1Rs L. IM, RE, (D.0},(8766,), REX)
IF (ICFLAG.EQLL)Y RFZ » BX

200 CONTINUE

Cmmmme v fow/ Guery/modt fy inhalation grposure parematurs

IF {IRHAL JEQ. O GO TCG 300
CURAME(L) = t{ahalati’
GhAME(2} = Yon '

CAR.L GROUP (IGFLAG, GNAME)
IF (IGFLAG JEG. O) GO TO 300

BRIk = RINKY * 8766,
WRITE (SCEN,I261) RIN
1531 FORBAT (¢ ", 200/).% v,

+«  TThe nustor of hours of inhalztisn of contamination ',

« 1Y opar year is % IPGL0O3.Y (range = 0.0 to 8766.)1%)
CALL CHANGE ({2}, ICFLAG IX I » IH RN (0.0, {8756, ) ,[8X)
iF {ICFLAG LECQ.L1Y RIN = Fu
filnr « RIK / 8766,

WRITE {SCRR,13IN0) INNAL
1300  FORMAY (® Y,20i/).% Y,
*Two resuspenston models are avatlabler ¥/
* I - Anspaught/
. Z - Hass Loading'/
It The selected mcdel s ¥, I1)
CALL CHANGE (L), ICFLAG, IX. 1), (2}, R, RL, FH, HSX) -
IF CICFLAG.EQLLY IMNHAL = IX

[ r*r *
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FILEZl contains dose rate factors for five organs for 100 radionuclides for
fifty yoars. The organs are total body. bone, Tungs, thyroid, and the
Tower large intestine of the GU tract. Consumpticn parameters included in
the dose conversion factors are listod in Table 2.1-1. The radionuciides
considered are listed {n Table 2.1-3. The first page of this file is
printed in Appendix 1.C. A complete listing of the file 1s in Appendix Z.A.

MAXI2, a special version of the FOOD computer (Napier et ai. 1980}, gen-
grates this file. The user {s referred to the FOOD' program documentation
for detailed information. Instructions for executing MAXIZ are located in
Section 3.1.2. The input submitted to MAXI2 to generate the FILEZ21 is
given in Appendix 2.B. MAXIZ prints a report of input parameters and
outputs soll-machanism dose rate factors to the file assigned to logical
unit 21 in the format described above.

2.3.4 Surface External Exposure Mschanism Dose Rate Factors

The file assigned to logical unlt 22 contains external dose rate

factors. Two files are available for considering surface contamination in
the onsite disposal "environment.® These files are based on the location
of the waste. The files are:

"PLANSOURC" - An infinite plame of sofl contamination,
"ROCMY - surface contaminatfon on the walk, floor, and ceiling
of a room.

The organization, corresponding MAXIl variable names, and FORTRAN formats
of thesa files are as follows:

Line 1 = Descriptive title, TIT22; (20A4).

Line 2 s Typa descripter, ID;
number of isotopes, NISOX; (5X, A4, I5).

Hext NISOX lines » For sach isotope (1):
element symbol as in master radionuciide
tibrary, ELTX{{};
atomic number as is master radionuclide
Tibrary, AWX{i};
external exposure dose rate factor, DFXT{i);
CAz, A6, E7.1).,

Tho data files "PLANSOURC" and "“"ROOM" are printed in Appsndices }1.C and
2.A. When establishing a new "environment," the user may use the ISOSHLD
(Engel ot al. 1966; Simmons et al. 1957), MAXI2, or other compatible com-
puter programs to generate external dese ruate factors. A file in the above
format wi,1 probably have to be hand-generated from the results of the
shieldirg calculations. MAXIl anticipates external dose rate factors in

2.34
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?

1140

122

1160

1100

11.n

110

1111

AFPENDIX 1.B COMPYUTER CCDE LISTIHRG - ONSITE

RF = RF1 + RF2

iIF (RF .GT. 1.0) WRITE {(SCRN,1140)

FORMAT (///' 11! The previous two fraction cannot be greater ',
fthan 1.0: REENTER [11%)

IF (RF .GT. 1.0) GO TO 120

ENDIF

CONTINUE

WRITE (SCRN,1160) RPF2

FORMAT (' ',20(/),' 7,

'The fraction of the total diet grown on the site ',

' is5 1, 1PGI0.3,/' (range = 0.0 to 1.00%)

CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0), (1.0}, R8X)
IF (ICFLAG.EG.1) RPF2 = RX

IF (IWAT .EQ, 0) GOTO 100

WRITE (SCRN,1100) RIRR

FORMAT (1t 1,

tThe irrigation rate in liters per square meter per month is ',
1PGLO.3,/ '

' (range = 0.0 to 1000.)"%) .

CALL CHANGE( (2),ICFLAG,IX,IL,IH,RX,(0.0),(1000.0},R8X)

IF (ICFLAG.EQ.1) RIRR = RX

IF (RIRR .EQ. 0.0} GO TO 110
WRITE (SCRN,1110} IMO
FORMAT (v 1,
'"The number of months per year that crops sre irrigated is ',
I2,/
¥ {range = 0 to 12) %)
CALL CHANGE ((}), ICFLAG, IX, (0}, (12), RX, RL, RH, R8X)
IF {ICFLAG.EQ.1) IMO=IX
CONTINUE

WRITE (SCRN,1111) IRR

FORMAT (' 1,

'"The number of years prior to the beginning of dose '/

t calculations that irrigation accumulates radionuclides'/
T is 1,I14,¢ {(range = 0 to 1000} ")

CALL CHANGE ((1), ICFLAG, IX, (0}, (1000}, RX,RL,RH,RB8X)
IF {ICFLAG.FQ.1) IRR=IX

CONTINUE

review/query/modify external exposure parameters -

IF (IEXT .EQ. 0 .AND. ISUR .EQ. 0) GO TO 200

1.8-18

B Ani Rt i man

_— - i

e £ e Fa

S M SR ik
.

" S, oy
bt st S i A T R
j

i

H



025

dl

921 2458

<

units of mrem/yr per pCi/mz. Both "PLANSCURCY and "ROOM™ weroe generated
using the ISOSHLD compuier program.

2.3.5 . Inhalation Dose Rate Factors - FILEZ3

The file assigned to logical unit 23 called FILEZ3, contains inhajation
dose rate factors for 1 pCi per cubic meter of air. The file {s arranged
tnto sets of records for each isotope. Each isctope set contains three
solubility class subsets. £ECach solubility class subset is comprised of a
variable numbsr of records. one record per year. Each recerd contains data
on up to five organs. The file organization, corresponding MAXI1l variable
names, and FORTRAN formats of FILEZ3 are as follows:

Line 1 « Numbey of radionuclidas in library, NDI;
descriptive title, TIT23; (IG5, 15X,15A4).

Line 2 o Index of organs, IDORG({),
for 1 ranging from 1 tec 5, 1=0 indicates data
for less than five organs; {(5I5).

This set of records follows for each radionuclide(k); a total of NDI sets:
Lina A e Element symbol as in the master radio-
nuclide Tibrary, ELTD;
atomic number as in the master radionuclide
Tibrary, AWD;
numbar of years of data solubility
class 1, N1;
number of years of data solubility
class 2, N2Z;
number of years of data solubility
class 3, N3;
(A2, A6, 2X, 315).

Next N1 Tines + For translocation class 1, one record con-
tains inhalation dose rate factors for five
organs (j). DIN(1,i,j); (10x, 5E10.2).

Next N2 Tines + For translocation class 2, one record con-
tains inhalation dose rate factors for five
organs (j), DIN(2,1,3); (10x, 5EL0.2).

Next N3 1lines + For transiocation class 3, one record con-
tains fnhalation dose rate factors for five
organs (j), DIN(3:1,J); (10x, 5E10.2},

The file contains dose rate factors of 130 radionuclides for five organs

for a varying number of translocation classes and a varying number of
years. The organs are total body, bone, lungs, thyroid, and the lower

2.35
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FPPERDIX 1.B COEFPUTER COBE LISTING - ONSITE
c
- c
SUBROUTINE MODIF
c i
c This subroutine allows the user to change selected parameters of ;
C Scenarfos 1 through 4 or to create a scenario {Scenarfo 5). %
- C ;
C Module of ONSITE ;
c Versicn of 24-APR-84 RAp :
c
[
c
INCLUDE *ONSITE.CMN?®
REAL¥8 R8X, GNAME(2}
c
Commme review/query/modify agricultural paramsters
~£} c
IF (IFOD .ECQ, 0) GO TO 100
o 1000  COMTINUE .
c
oy GNAME(1) = Tagricultt !
GNAME(2) = 'Lral ' ‘
— CALL GROUFP (1GFLAG, GNAME)
IF (IGFLAG .tQ. 0 GO TO 100 E
o0 c
C ~e=w skip roots s Scenario 3, assumes surface contamination =——--
L IF (IRS .EQ. 3) GO TO 122
C
£ IF (IRS .EC. 1 .AND. ILOC .EQ. 4) THEN
C  emm—- set perametsrs for room model —ee~—
N RF1 = 0.
RF2 = 1.
- ELSE ' i
C
™

120  CONTINUE
WRITE (SCRN,1120) RF1
1120 FORMAT (v ',20{/},' 1,

. *The ¥fraction of total roots in ftop 15 cm of the soil Is ',

. 1PG10.3,/

. ! (range = 0.0 to 1.0)Y)
CALL CHANGE ({(2), ICFLAG, IX, IL, IH, RX, (0.0}, (1.0), R8X)
IF (ICFLAG.EQ.1) RF1 = RX

7
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Cc . :
WRITE (SCRN,1130) RF2 )
113¢ FORMAT (1t ¢,
. 'The fraction of total roots entering the buried waste '/
. ' helow the top 15 cm plow layer of soil is '» 1PGL0.3,
. . *  (rangz = 0.0 to 1.0)") a

CALL CHANGE ({(2), ICFLAG, IX, IL. IH, RX, (0.0}, (1.0), R8X)
IF (ICFLAG.EQ.1) RFZ = RX

1.8-17
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large intestine of the GI tract. Dose rate factors are based on a
breathing rate of 230 cec/sec. The first page of this file is printed {in
Appendix 1.D.5. A complete 1isting fs Tocated 1n Appsndix 2.A. FILEZ23 is
created by a spectal version of the computer code DACRIN (Houston, Strenge,
Watson. 1974Y. This library is not "environment"-spacific and consequently
should not need to be recreated by the user. The fnput to DACRIN that
created FILEZ3 is shown in Appendix 2.0.

2,3.6 Aquatic Foods Dose Rate Factors - FILE24

The file assigned to logfcal unit 24, called FILE24, contains "environment®
~specific aquatic foods doss rate factor for 1 pCi per iiter of river
water. Each record of the file contains dose rate factors of une radionu-
clide for selected organs. The file {s arranged into sats of records for -
each vear. The sets are deiimited by a blank record. The file crganiza-

tion, corresponding MAXI1 variable names., and FORTRAN formats of FILEZ4 are’

as follows:

Line 1 s Descriptive titie, TIT24; (20A4),

Line 2 =+ Type descriptor, ID;
number of years of data, NYRA;
number of isotopes, NIS0A;
number of organs, NORGA; (5X, A4, 3I5).

Line 3 e Index of organs, KORGA(1),
for 1 ranging from one to NORGA; (SI5).

The following sei of records follows for each year of data (kJ; a total of
NYRA sets:

Ling A & Blank 1ine

Next NISOA iines * Oro line for each isotope (i) containing:
element symbol as fn the master radio-
nuclide tibrary, ELTA({1);
atomic number as in the master radio-
nuclide library, AWAW({);
dose rate factor for KGRGA(J) where
J ranges from one to NORGA,

DINCA(k,1,3);
(AZ, A6, 5E12.2).

FILEZ24 contains dose rate factors for five organs for 100 radionuclides for
fifty years. The organs are total body, bone, lungs, thyroid, and the
lower large intestine of the GI tract. Consumption rates are given in

2.36
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f ;
EPPEIDIN 1.8 COMPUTER O0UE LISTING - GHSIVE -
c ;

IF {(IRS .EQ. 5) WRITE {SCRN,2500}
2500 FORMAT (t %,24(/),
14X, *SCENARIO 5: User Dafined Scenario'//
.14X,'This scenario defaults to a full year of exposure to'/
14X, Yexternal contaminatfon and a full year of inhalation.!/

" .14X,'The user may specify any parameters to define a scenario.t}
c
WRITE (SCRN,Z600) IRS
2600 FORMAT (* v, 2(/),

.14¥, 'Scanario *',I1.! is now selected. Do you wish to changae'/

14%,s1this selection (N/Y):*)

READ (KEY.8G04) IDUM

8004 FORMAT (AL

IF (IDUM .NE. ‘Y' .AND. IDUM .NE, 'y') RETURN
LN ¢

GC TO 100
o c

c
3 z
— END
oo
i
o™
N
o™
LJ
/ 1.B-16
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Teble 2.1-2. Radionuclides fncluded are listed in Table 2.1-3, Tha First
page of this file {s printed fn Appendix 1.C. A complete listing of the
file is located 1n Appendix 2.A.

FILEZ4 1s gonsrated by tha MAXI3 computer code. MAXI2 is a spacial version
of the ARRRG computer code (Hapier et al. 1980). The user 1s referred to
that document for detailed information. Instructions for executing MAXI3
are given 1n Section 3,1.2. The input to MAXI3 that generated the aquatic
foods dose ratve factors in FILEZ4 {s giver in Appendix 2.C.

2.3.7 Drinking-Water Dose Rate Factors - FILEZ2S

The file assigned to Togical untt 25, called FILEZ2S, contains "environment®
-specific drinking-water dose rate factors for 1 pCi per iiter of drinking
water. FEach record of the file contains dose rate factors of one radionu-
clide for selected organs. The file is arranged into sets of records for
each year. The sets are delimited by blank records., The file organiza-
tion, corresponding MAXI1 variable names, and FORTRAN format of FILE2S are
as follows:

Line 1 s Descriptive title, TIT25; (20A4}.

Line 2 + Type descriptor, ID;
number of years of data, NYRW;
number of {sotopes, KISOH;
number of organs, NORGW; (EX, A4, 3I5).

Line 3 * Index of organs, KORGW{i),
Tor {1 ranging from 1 to NORGW; (5I5).

The following set of records follows for each year of data (k); a total of
NYRW sets:

tine A « Blank 1ine

Next NISOW lines e One line for each {sotope {1) containing:
slement symbol as in the master radio-
nucliide Tibrary, ELTW({i);
atomic number as in the master radio-
nuclide Tibrary, AWW(i);
dose rate factor for KORGW(j)} where
J ranges from one to NORGH,

DINCW{k,1,33;
(sz AG’ 5E12 52) -

FILEZ2S contafins dose rate factors for five organs for 100 radionuclides for
fifty years. The organs are total body, bone, Tungs, thyroid, and the
lower large intestine of the GI tract. Consumption rates are given in

2.37
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FredIX 1.8 CO#PUTER CODE LISTEHG - ORSITE

C-==- loop until user is satisfied with scenarfo selection -
c

100 CONTINUE
c
CALL SELECT
c
IF (IRS .EQ. 1) WRITE (SCRN,2100)
2100 FORMAT (t* *,24(/},
14X, YSCENARIO 1: External Exposure'//
14X, 'This scenario can be used alone or as part of Scenarifos 2'/
.14X;'and 3. Occupatioral conditions of 2000 h/yr of external'/
.14X,'exposure are assumed. Waste may be lorated on the surface,'/
.14X, tburied at 0.5 @, buried at 1.0 m, or stored.')
c
IF (IRS .EQ. 2) WRITE (SCRN,2200)
2200 FORMAY (' v,24(/),
.14X,*SCENARIO Z: External Exposure plus Inhatatfon from Resust,
. tpensiont//
14X, *This scenario assumes surface contamination results over at/
14X, '1imited area. The scenario defaults to 2000 h/yr exposure!/
14X, *to surface contamination and inhalation. The Anspaugh!')
IF (IRS .EQ. 2) WRITE (SCRN,Z2201)
2201 FORMAT (14X,
. ‘resuspension model {n '.sed. User may define the fraction'/
14X,'0f so0fl in the top L5 cm containing buried waste (defau’.s'/
Jd4X, 710 0.2).Y)
c
IF {IRS .E2. 3} WRITE (SCRN, 2300)
2300 FORMAT (' 1',24(/),
«14X, 'SCENARIO 3: Agricultural Activities'//
-14X,'This scenario assumes surface contamination {as in Scenario'/
.14X,72) with farming; defaults to 2000 h/yr exposure to surface')
IF (IRS .EQ. 3) WRITE (SCRN, 2301)
2301 FORMAT (14X,
. contamination and fnhalation. Anspaugh ressuspension modelt/
14X, 'is used. Scenario defaults to total diet of fruits, veg-"/
«14X,%atables, and animal products grown on the site. The user!/
.14X,'may specify the percentage of soil contatning waste tn that'/
14X, 'top 15 cm. ')
C
IF (IRS .EQ. 4) WRITE (SCRN, 2400}
2400 FORMAT (' ',24(/),
+14X, *SCENARIO 4: Irrigation and Drinking Water'//
14X, "This scenario accounts for the use of well or r’ver water'/
14X, "for irrigation and drinking. Assumes an frrigation ratet)
IF (IRS .EQ. 4} WRITE (SCRN, 2401
2401 FORMAT (14X,
. tof 150 1/sq m/mo for 6 months. Defaults to Anspaugh modeit'/
14X, "for inhalation. Assumes total dfet and 1.2 1iters/day of*/
14X, Vdrinking water.")

1.B-15
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Table 2.1~2. The radionuclides considored are listed in Table 2.1-3., The
first page of this t4le is printed in Appandix 1.C. A complete 1isting of
the file is fn Appandix Z.A.

The computer code MAXI3 gaenerates FILE25. HMAXI3 is a special version of
the ARRRG computer code (Hapier et al. 1980). The user is referred to that
document for detailed {nformation. TiInstructions for executing MAXI3 are
given in Section 3.1.2, The MAXI3 input file that generated the dose rate
factors in FILE25 is given in Appendix 2.C.

2.3.8 Buried Waste External Dose Rate Factors

Three files are available for considering buried waste in the consite dis-
posal "environment." The files are based on the locaticn (reiative depth
from the surface} of the waste. The three optional files are:

"WOLSCURC™ - 1infinite surface slab source (waste thickness of 1 m)

"BURIEDHF®* ~ infinite slab source buried in soi? with an overburden
depth of 0.5 meters (waste thickness of 1 m)

YBURIED1Y - infinite slab source buried (n soil with an overburden
depth of 1.0 meters (waste thickness of 1 m)

ONSITE assigns the appropriate fije to lagical unii 27 pased on the waste
Tocation selected by the user. The factors in these files relate the
radionucl ide source strength to the dose rate in ticsue ! m avay. These
factors are for 1 pCi per cublc meter for the waste. Each record of the
file contains dose rate factors for one radionucliide. The file organiza-
tion, corresponding MAXI1 variable names, and FCRTRAN formats of the
optional files are as follows:

Lire 1 * Dascriptive title, TITZ27; (20A4).

Line 2 e Type descriptor, I1D;
number of {sotopes, NISODX; (SX, A4, IS5}).

Next MISODX lines e Yor each isotope (i)
alement symbol as {in master radionuclide
Tibrary, ELTDX(i};
atomic number as is master radionuc]ide
Tibrary, AWDX(1);
dose rate factor in air, DFDXT{(1{);
(A2, AG, E7.1)

The three onsite disposal “envirorment" files are listed in Appendices 1.C

and 2.A. These files are created by the ISOSHLD (Engel et al. 1966;
Simnons et al. 1967) cemputer program.

2.38
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FAPEIDIX 1.8 COMPUTER CODE LISTING - QNSITE

SUBROUTINE INTRO

This subroutine displays introductory messages, describes
available scenarioss, and queries for user's selection.

Module of ONSITE
Version of 17-APR-84 RAP

INCLUDE YONSITE.CMN!

A0 OO0 ODO0 OO0

WRITE (SCRN,Z2000)
2000 FORMAT {* ',24(/),30X, 19(1=1)/34X, 'ONSITE/MAXI /30X,
. 19(=%),/07/7/1)
c

WRITE (SCRN,2011)

2011 FORMAT (14X,'This interactive program will assist you ',
.'in the creation'/
.14X,'0f scenarios for assessment of onsite disposal of Tow-'/
14X, "1evel waste. Doses to man through the specified pathways ¥/
144, 'wi11 be simulated by the computer program MAXI.'///
14X, 'The following notes may be of interest:')

WRITE {SCRN,2010}
READ {XEY,B8003) IDUM
c
WRITE (SCRN,2001)
2001 FORMAT (' ', 24(/).,
J14%,'1) If the default condition is selected, you need only!/
14X, 'pross <return>., YES-or-NO questions are designated by'/
L14X, T(Y/N) and should be answered with a Y or N. The default'/
14X, 'condition is always listed first.?)
c
WRITE {SCRN,2002)
2002 FORMAT (*G1,
.13%,12) The values you enter will be tested against reasonabie'/
14X, Y 1imits and 1f they are not accepted you will be asked to'/
.14X, 'suppiy another value.')
c
WRITE (SCRN,2010)
2010 FORMAT (/14X,'When you have finishec reading, press <return>?)
READ (KEY,8003) IDUM :
8003 FORMAT (A8)
C
c

1.8-14
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APTERDIX 1.B COMPUTER CODE LISTING - OMSITE

SUBROUTINE GROUP (IGFLAG, GHAME)

This subroutine introduces a new category of parameters and allows
tha user of skipping edits to that entire group of parameters.

Paraneters:

IGFLAG = flag returned to calling program to indicate ucer
preferance concarning this group:
J = do not change any parameters
1 - display/query this parameter group

GNAME - dascriptfon of parameter group passed from calling
program (Real*d)

Module of ONSITE
Yersion of 17-APR-84 RAP

OOOCOOOOOMNOOOOO0O0O00n O?

c

INCLUDE *ONSITE.CMN'
REAL®B GNAME(2)
IGFLAG = D

WRITE (SCRN,1000) ({(GNAME(I},I=1,2)

1000 FORMAT (1 ',1(/),* 1,700188)//

c

- ' Do vou wish to review or change ¥, 2A8,
- ' paraneters (N/Y:')

READ (KEY,8003) IDUM

8003 FORMAT (Al)

IF (IDUM .EQ. 'Y® .OR. IDUM .EQ. 'y') IGFLAG =1
RETURN

Qo O

END

1.8-13

L]
i
4

i



U.S. Envirormontal Protoction Agorcy (EPA}. 1977. Pronesed Guidance on
Doss Lipits for Perspng Exposad o Yransuranium Elgments $n the General
Environenns. EPR 520/8-77-016, U.5 EPA., Washingtons D.C.

U.S. Nuclear Regulatory Cesmission (NRCY. 1977. Galculatlon of Annual
woses to Man From Roubine Beloases of Reactor Effluants for the Purpose
of Eyzivating Compliance wizh 10 CFR Part 50. Appendix [. Regulatory
Guida 1.10% Rev.l: W.5. NRC, h‘ashington: o.c.

U.5. Nuclear Reguiatory Cowmission., 198l. [Draft Environmenial Impact
&mwﬁkzmmu.ub_um_ﬂw L 3
#e." HNUREG-078Z, Vols. l-4, Washington. 0.C.

U.5. Huclear Reguiatory Commission. 1982. Final} Fnvis onmental Impact
Statouant on 10 CFR Part 61 0 coutremants for Land Dispasal of
Radioactive Haste.”™ NUREG~0945. Washington, U.C.

2.40
L - T -—“‘"""‘;:__- —
n v ~ -n - Pans Siilgeny
H “-.,'_:_ — — ~ / ' h :““"‘“—!-._..
3 - L~ I
: P aaun ke A
e Il ‘ I
et e a N -, . -



. I - B T P e e e n e s

o - -,Jn“mh..twﬂwﬂﬂ____ML:
AFPEIDIX 1.B COVFUTER CODE LISTING - (RISITE
. CALL GROUP (IGFLAG,GNANE)
= JF {IGFLAG .NE. O) CALL QUANTI (D)
20G CONTINUE
C
C
ELSE
- c
IMID = 0
c
ENDIF
. c
s C
v - WRITE (SCaN.1020}
- 1020 FORMAT {///' Do you wish to add radionuclides to the above!
. ' {nventory?!')
READ (KEY,B001) IY
BOO1  FORMAT (Al)
s C
IF (1Y .EQ. fY* .OR, 1Y .EQ. 'y!) THEN
') IMOD = 1
CALL RADIN
A ENDIF
— c
IF (IMOD ,EQ. 1) GO TO 300
o c
R
1 c ETURN
.*.2 oy (c.:‘. -
, END
\ o~
o™
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3. PROCEDURES

Usar instructfons and technical dstails on use of the ONSITE/MAXI] software
package are pretented 1n this section. Instructions ara given for ussr
interaction with each of the computer codes. QDetafled information on tnput
paransters 1s {ncluded for reference. OQutputs from the Cumpluter programs
ara described. Five sample prablems are included with a oiscussion of the
hand calculations performed to verify the correct operation of the computer
code. Program-ganerated error messages and corresponding corrective
actions for the ONSITE and MAXIl computer codes are also 1isted.

This sectfon fs written primarily for the user who interacts with the
ONSITE program to sxocute one of the scenarfos presented in Section 2.1.3.
Bafore interacting directly with the otner codes in the softwars package,

the uizsr should be familiar with Section 2.7, Computer Implementation.

The following conventions will be used in this manual to distinguish exact
user input from instcuctions ane from computer program displays.

<cr> *» Thesa symbols indicate that the kayboard key
labeled RETURM should ba pressed when encoun-
tered in the manual. This is analogous to the
carriage return for those of you more familiar
with typewriters than computers.

holdface + Boldface print designates information antored
: at the terminal by the usar. NUTE: In the
appendices, information entered by the user is
underlined.

CAPITAL LETTERS e When capital letters in beldface type are en-

countered, the user shoulG type in the boldface
letters exactly as shown,

lowsr-case letters e When lower-case letters are encounterad in
boldface type, the user should substitute
scanario~specific information or a unique name.

3.} User Instrections

The CNSITE/MAXI1 software package is fnstalled on the Brookhaven CDC 6600
MFA and 7600 MFZ computers. It is necessary to obtain an account name,
password: and protlem number to use this computer. The user fs responsible

for obtaining the ubove privileges to access the ONSITE/MAXIL software.

Three levels of software operation are presented in Section 2.2.2. At
Level 1, the ONSITE program is used to establish and excrcise a scenario

3.1
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APFERDIX 1.B CEFPUTER CODE LISTING - ONSIVE

SUBROUTINE DISINV

This subroutine displays the radicnuclide fnventery, allows the user
to first modify quantities in the inventory, and then to add radio-
nuclides to the 1ist. If changes or additions are requested, the
inventory will be redisplayed; the user does not return from this
subroutine untii satisfied with the inventory.

Module of ONSITE
Yersion of 24~APR-84

o]

OQDOOOO0O00O0O000 C"}ﬁ')

300

100
1001

1011

1010

INCLUDE 'ONSITE.CMN!
REAL¥B GNAME(2)

CONTINUE
WRITE (SCRN,1000) NVU(INUT), (UNITS(J,M3M2+1),J=1,2), NYU(INUT),

. NVYULINGT)

FORMAT(///T24, 'Surface/Buriedt, T57,!Drinkingt/

. 129, Ad, T41, 'Irrigation Watert/
. T1l1,'Radionuclide!',T25,A8,A5, T43,A4,%/1', TS8,A4,7/1%,/
. Ml teeemme e 1, 3% 3 ( P e ',EX)N)

PO 100 I = 1, NIN

WRITE (SCRN,1001) ELTI(I), AWI(I}), Q{I), QI{I}, QJ(D)
CONTINUE
FORMAT(L1X,AZ,A5,3(5X,1PG10.2})

GNAME (1) tthe abov!
GNAME (2) 'a '

CALL GROUP (IGFLAG,GNAME)
I (IGFLAG .NE. 0) THEN

i n

IMOD = 1

WRITE (SCRN,1011)

FORMAT (//' You may now modify the quantity of selected's
. ' radionuclides. To delete a rad’onuclide,'/
. ' enter zero quantity.'////)

0O 200 I = 1, NIN
WRITE (SCRN,1010} ELTI(I), AWI(I), 0{I), NVU{INUT),
. (UNITS(J,M3M241),3=1,2), QI(I), NYU{INUT}, QJI(I), NVUCINUT)
FORMAT (//' Radionuclide ',AZ,A6,%: '//
. ! Surface/Buried: ',1PGl0.Z,1X,Ad4,A8,A5/
. ' Irrigation: Y21PGLO.L2,1X, A4, 7/1Y/
. ' Drinking Water: ',1PG10.2,1X,Ad4,7/1 )

1.B-N
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within the context of tha Yenviromment®™ describod in Section 2.1.2. At

Level 2, a differesnt “onvironment® can be sstablishad with the MAXIZ and
MAXI3 programs. At Level 3, the user interacts directly with tho MAXIL

pregram to set up scenarios for an ®envirommant® created with MAXIZ and

MAXI3 programs.

The following three subsections correspond to these levels, respactively.

3.1.1 Creating and Executing a Scenario — ONSITE (Level 1 User)
To establish and execute a scemario, the user nead only type

ATTACH,PROCFIL, ID=0NSITE,HMR=1 <cr»
BEGIN,ON <cr»

to access the interactive program.

ONSITE first introduces 1tself and displays general instructfons on use of

the program. A menu describing the available scenarios is displayed. The
five scenarios are:

£1) External-Exposure Scenario

(2) External-Exposure Plus Inhatation Scenarfo
(3} Agricultural Scenarios

(4) Irrigation/Drinking-Water Scenario

(5) User-Defined Scenario

A brief description of the selected scenaric is displayed. The user may
change the scenario selection at this point. This allows the user to

interactively review all scenaric descripiions before making a final deci-
sion for a specific simulation.

The user is queried for a descriptfve title, the start time of the simula-
tion, and the level of detall prasentnd {n the output reports. The user
may execute the scemario as ft was described in Sectfon 2.1.3 or modify
paramelers assocliated with exposure pathways included in the selected
scenario. If changes are to be made, ONSITE will set parameter values
barad on the user's response to quaestions. Default values are displayed
for each parameter, and the user's input is tested to determine if it is
within boundz. Before the user s asked to supply the inventory, an
opportunity is pirrovided to review all of the entered parameters. This
erables the user to correct any mistakes or make changes.

When the user is satisfied with the parameter selectfon, the source term is

entered by radionuclide. Radionuclides should be selected from Table 2.1-~3.
MAXI1 accepts radfonucl{de names only as they appoar {n RMDONS, listed ir

3.2



SFFEMDIX 1.D COMPUTER OODE LISTIMG - OMNSITE
C intogor input
IF (ITWLAG .WE. 1) GQ TO 200
READ (KEY.®) IX
IF €IX LY. it (OR. IX .GT. I#) G0 TO 100
GO TO 700
200 CONTINUE

WRITE {SCAN,1001)
1001 FORMAY (' ',2a(/})

c
C real input
IF (ITFLAG NE. 2} GO TO 300
READ (KEY,*)} RX
IF (RX LLT. RL LOR. RX LGT. R} GO TO 100
&0 7O 700
300 CONTIRUE
c
e real#*8 aipha input
IF {ITFLAG .KE. 3} GO TO 400
READ (KLY,B8003) REX
400 CONTINUE
<
700 CONTINUE
c

c
RETURN

c

C wmen format statenonts ~eew
c

8003 FORMAT (A8}

[

C

c

ERD

1.8-10
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Appandix 1.0.9. Irhaistion exposure calculations regulire a transiccation
class assigmmont for each organ for each radionuclide. Dafault assigrmants
have besn made. Tho user may roview and/or modify those assignments. The
concantration of the radfonuciides in the source term may be enterod in
varfous units salscted by the user. A screen report of the inventory is
displayed when the user has corpleted fnventory {nput. Tho user {s then
allowed to 1) medify the displayed inventorys and then 2} a2dd radionuc] ides
to the inventory.

OHSITE provides assistance to the user durfng scenario creation. This
manual should not bs necessary during normal executions. The following
features are incorporated fnto the ONSITE software:

Parametor doscriptions and default values for each of the five
scenari{os are stored in the code.

Only applicable paramcters are reviewed for each scenario.

Questions are “English-phrasedh. A strong effort has besen made to
refrain from computer jargon. The code attempts to ask quastions
meaningful to the end user and Togically establishes required
parameter values.

VaTues entered at the terminal by the user are tested against minimum
and maximum allowable limits. If a value is determined to be outside
tha allowable 1imits, the user is asked to supply another value,

Default values are instailed with a null entry (i.e., pressing the
<retu-n> key).

When a "YES/NOM gquestion is asked of the user, the default conditfon
1s always displayed first (e.g.. (N/Y) indicates that a null antry is
oguivalent to a ™no" responsal.

Review of collections of parameters (e.g.» agricultural and/or inhala-
tion pathway parzmeters may be bypassed during scenario modificationl.

Radiological inventory input is tested against a shortened version of
“he master radionuclida 1{brary, RMDOMNS. This establishes that fnfor-
mation is available in the data base for the source term in questicn
and that the user entered the radicnucl ide name in a recognizable

form.

Radiological inventory input is tested againsi the previously entered
input to ensura that an entry is not duplicated.

Upon ths completion of inputs the radiological inventory is displayed.
The usor 15 given the opportunity to first modify and then add to the
{nventory.
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AFEIRDIX 1.8 COZPUTER OUDE LISTING - CHAITE

SUBRCUTINE CHARGE (ITFLAG. ICFLAG, IX, IL, Ih, RM, L, R, RBX)

CHAMNGE §s called to query {f parawetar is to Le changed.
ant if so, to fnput the new valuo and test IF within the 1imits,

This subrouting will handte Sntegers real and aiphanusric
fnput and w111 test the limits cn integer and real Input.
Alphanumaric input is read into the resl*d varfsble.

ICFL ARG - CHARGE subroutine passing flag: (returned)
0 = no change requested
1 = change requestod

ITFLAG ~ (HANGE subroutine passing flag: (received}
1l - intoger valuo
2 ~ real value
3 - alphanumoric input - real®*s

IX - now integer value (returnedl

IH = maximum allowable fnteger fnput (recefved)

IL - minimum allowable integor input Erecef\od}

RX - new rosl value {returned)}

RH -~ maximum allowable real tnput {received)

RL = minimum allowable real input {recatved)

R8X ~ rcal®8 alipbanumeric string Taput {(returnsd}

Module of ONSITE
Yaersion of 17-AFR-84 RAP

QOQOOOOOGOOaO0O00O000O00QO0TOG0O00O00 09

c

INCLUCE TONSITE.CMN®
REAL*S R8X

ICFLAG = 0
WRITE (LCRN,1G00)

1000 FORMAT (/77 2, 70(%=%},/7

8001
c

c

100
C

1010
C

FORMAT (AL)

.' Do you wish <o change this valua (N/YIZT)
READ {KEY,8001) 1Y

IF (IY JNE. 'Y' JAND, IY .NE. 'y') GO 10 700

ICFLAG = 1
CONTINUE

WRITE (SCRN, 1010)

FORMAT (t /' Enter new values 1)

1.8-9
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@ Default organ transiocation classes are assigred.
e Input s free-formatted as spocified in ANSI-FORTRAN-TY.

v’ s The usor rey review and/or modify scenario parameters until satisfied
’ with the selection,.

. Upon completion of the ONSITE program, the user is asked to supply a CDC
R account name and problem ~umbsr. This information is used to prepare
))/// control statements for the MAXI1 execution. The MAXI execution file

created by ONSITE will be in the user's work area under the name TAPEY.
The user should then enter the following command:

BEGIN, DGE <cr>

This command will catalog the execution files submit the file to the MFZ
canputer for processings and prepare the work area for another run.

. Rl The user will be prompted to enter & unique filename in the following
vy maRrnear:
CD. F FILENAME FOR SCEWARIO: f1lename <cr>
o The user fs then askad tc supply a unique read key for the file as follows:
o R READ KEY FOR FILE: rsadkey <cr>
10y This key will protect the user's account name and probiem number. The

KMAXI] exacution file will be stored as a permanent file undar the name .
- specified by the usar. The parmanent ffle will have an ID of ONSITE and a
‘ retention period of ten days. This two-step procedure allows the user to

accass the fnput file prior to execution.

— Because of extended core memory requirements. there may be a doelay in the
N MAXI1 executions, When the files have been executed, {(the job namas will
ath appear under OQUTPUT FILES in the FILES command response), the user may use
the SERD command procedure to direct output to the RIE terminal in 55-056.
o To start the procedure, enter:
BEGIN. SEND <cr>
The procedure will respond with the following request:
F NAME OF OUTPUT FILE TO BE PRINTED: jobname <cr>

The user should enter the jobname as {t appears in the FILES cocamand
] response. The SEKD procedure then requests a name that will be printed on

- 3.4
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MFFEVDIR 1.8 CHPUTER CODE LISTING - OHSITE

ONSLITE.CY include filo of common blocks for the OHSITE computer
pragram

Yersion of Z8-MAY-84 RAP

QGO(‘)OOOD?

SO0 OO0aaoOOOOon O

LR T T )

-

e

COMMGN /YARYBL/ IFOD, RIRR,RPF, IMD, RFl, RF2, IARG. IKAT,
IDKKAT. 1EXT, IAIR, XOSITE, IDKAIR,
ISUR, 1.2, XF2,
FGE, ¥DPT, DEN, XMUF, RIKH. DILF, ¥3Z, INTRUD,
T*Le 1T2, KORG, KORGLS), IOUT, KEXT,
RPFY, RPF2, INHAL, IRR, SROIL., NVIN[T{4)

REAL WYUNIT

COMMON /INY/ NIK, ELTICICGO), AWI(I00Q), NSOLD(S5,100}.
GQtlooy, QItL00), QJC1G0), CX100)

REAL®E AR]

INTEGER ELTIL

COMMON /FLAGS  IRS. ILOC, INUT, 1ARL, IWRL

IRS - INDEX OF SELICTED SCERARIQ
ILGC - IKDEX OF LOCATICM OF THE WASTE:
1) SURFALE
2) BURIED AT O.5 M
3) BURIED AT 1.0 M
4} 5T0RED
INUT = INDEY GF RADIOULOGICAL URITS INPUT FOR ARRAYS
KYi (DESCRIPTION) AND NVUNIT(MOD. FACTCR)
TRHL = SET IF SURFACE/BURIED CORTASINATION
IwRL - SET IF LIQUID CONTAMINATION

COoMRON /AREAS FRSIZ» RREAIN, AREALX

FRSIZ - SIZE OF THE SITE IN FRACTIONAL HECTARES
AREAIN ~ RREA CORRECTION FACTOR FOR INTERNAL PATHWAYS
AREAEX - AREA CORRECTION FACTOR FOR EXTERNAL PATHWAYS

coMMOKR /DESC/ TITLL20), UNITS{Z2.3), NVU(4)
REAL*8 UNITS
REAL®L TITL, WYU

CoMMDN /INVER/  SCRM, CUT, QUTFIL. KEY
CHARACTER®1 S QUTFIL
INTEGER SCRM, QUT

- -

i.B-8



£

b

4

035

|

8

2 4

9 2

A\

o permim e

——— ey

.
. - LT T R I x,
EEEETTY L i - - “ et

the bannor paga of the output. The user may use any five-character
seguence tO fdentify the run. The format of the request is as follows:

N FIVE CHARACTER NAME TO IDENTIFY RiN: mima <cr>

3.1.2 Creating an "Environment® - MAXIZ and MAXI3 (Level 2 User)

MAXIZ 15 a spectalized version of the FOOD (Napier et al. 1980) computer
program. MAXI3 1s a specialized vorsion of the ARRRG (Napier et al. 1980
computer code. The user is referred to the ARRRG and rO0D document for
user fnstructions, with the following exceptions:

& Only the following NAMELIST parameters are used by MAXIZ:

NEXT HLDUP KORG
KFOTYP CON T2
GRWP TRNS POP
YELD EXTIM Iropr

+ Only the following NAMELIST parameters are used by MAXI3:

NEXT KORG USAG
KPTHAY PLIFE ISALT
T2 HLDUP

¢ Releass paramster records need only list the radionuclide name.
ELTI(1) and AWI(i} in FORTRAN A2, A6 format.

o Special versfons of the data 1ibraries used by MAXIZ and MAXI3 are
included in the ONSITE/MAXI software package. These libraries contain
information in the radionuclides listed in Table 2.1-3. The 1iprary
FTRANSLIB contains elemental deposition velocities to account for
deposition of resuspendgd radifgctive materials. Transfer coeffi-
cients in FTRAMLIB for “H and ~“C are tzken from Regulatory
Guide 1,109 (U.S. NRC 1977). The libraries inciuded in this package

are:
RMDLIB BIOAC
ORGLIB FTRANSLIB
GROFLIB

RMDLIB is aiso used by MAXIL.

e Files must be assigned to the following Togical unit devices to obtaln
dose rate factor output:

3.5
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AAPEIDIX 1.8 COEJUTER CODE LISTING - CRSITE

allow user to review paramsters before entering the inventory =me—memme

GNAME{]) = tany of t?
GNAME(2) = Yha atiovet
CALL GROUP (IGFLAG,GNAME)
IF (IGFLAG .EC. 1} THEN
IMOD = O
GO TQ 200
ENDIF

input faventory and write file -

CALL RADIN
CALL DISINY
CALL RITFIL

end of program — -

END

1.8-7



T I N R SRR

camr o

6

~

I 03

A

2 45 3

9 2

—

Logical o _Co}rﬁspending
M o

Mnit Hoo __Fila Descrintion - DNSITE/MAXI File
20 MAXIZ leaf mochanisns ' ' FILEZD
21 MAXI2 s5i1 moechanisms FILEZ2)
22 MAXIZ2 surface external mechanisms PLANSOURC
24 MAXI3 aquatic food-product mechanisms FILEZ4
25 MAXI3 drinking~water mechan?sms FILEZS

MAXIZ and MAXI3 will print reports of input parameters. Output file

organization is presented in Section 23. Outpu: reports (as provided by
FOOD and ARRRG) are not printed.

Sample input files to MAXIZ and MAXI3 and 7Tisted in Appendices 2.B and Z.C,
regspectively.

The ONSITE/MAXIL data base contains the "enviromment® described inm Section
2,1.2. File namss gensrated by MAXIZ and MAXI3 must not conflict with
those currentiy in the data base. It is suggested that all files ba
renamod sc that the different “environmant™ can be established without
sacrificing the integrity of the ONSITE/MAXI data base.

3.1.3 Interacting Directly with MAXIL (Leval 3 User)

A user may establish & scenaric by interacting directly with the MAXI]
computer program. Because of the complexity of the MAXIL input parameters,
tho user must have a thorough undarstanding of MAXI1 theory and coding
before attempting this interaction. Al1 necessary information for MAXI1
exccutfon 1s included in this manual. The user is referred to Sections 2.2,
23, 3.2, 4.4 and 4.5 for furthor information on executing MAXIL.

3.2 Inpuf Parzzeters .
Information fn this sectien 1s not necessary for successful execution of
the ONSITE program. It is includsd for reference. The default parameter
values assigned to cach scenario are given in Table 3.2-1. The input
varfables for ONSITE/MAXI1 are described in Table 3.2-2. The name of each
parameter fs follewad by the number of elements (and specification if it is
an array), the data type ctlassificeticn. and a description. The paramater
description includes the function of the parameter, the dimensional units,
and the minimum and maximun allovable values tf applicable. The paramsters
are listed in alphabetical ordei.

3.6
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PSS X 1.8 COYPUTER COBE LISTIHG - CNSITE

ELSE
IF (ISUR .EQ. 1) RFFl = 1.0
IF (IEXT .EQ. 1} RPFI = 1.0
ENDIF

IF (IRS .EQ. 43 GO TO 300
WRITE (SCRN,XZ30)

O 131 1= 1. 4
WRITE (SCRN,1231) I, WYULD)
CONTINUE

WRITE (SCRM, 1232) INUT

FORMAT(! 1,240/, v,

tThe surfacesburied fnventory may be enterad as: '//)
FGRAATC(LSX, Ilat ~ t,A4)

1232 FORMATU//Y ¥,

(g2

142

c

1200

1201
1202

c

c

*Tha currect selection fs: 1,11}

CALL (nANGE ((1},ICFLAG, IX, (1), (4), RX,RL,RH,RBX)

IF (ICFLAG JEQ. 17 INUT = IX

WRITE (SCHNM,12000
RO 142 1 =1, 3
M3 =11
WHITE (SCRN,1Z0L} IM3, NVLHINUTY, (UNITS(J,ID.J=1,2)
CONTINUE
WRITE (SCRN,1202) M3M2

FORBAT (v ¢, 140/),% *,
*The contamination depostted on the oite at start of'/

' caiculation may be entered in the following units:t//}
FORMAY (15X, Il.% -~ ',A4,248)
FORMAT (/s ' The current seiection §s: %,I1)

CALL CHANGE ({1}, ICFLAG, IX.{0),(2) 70X, AL, FH, RBX)
If {ICFLAG .EQ. 1) H3M2 = IX

300 CONTINUE

c

c

1250

IF (IRS .El. 4) GO 70 301

WRITE (SCEN,1250) SROIL

FORMATLY *,14(7)," ',

*The surface/burtfad inventory dilution factor {s: ',1PG10,2/
¥ {range = 0.0 to 1.0E+20)*%)

CALL CHANGE ({2}, ICFLAG,IX.IL.IH,RX%, (0.0),(1.E20},RE8X)

IF (ICFLAG .EQ. 1) SRDIL = RX

301 CONTINUE

1.B-6
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Table 3.2-1. Scerario Default Parameter Values
Scepnnicn
Extarnsl Ireligetions
Extaanl Eoesure ang Brinking
Bzpasarm lokelatisn. Bovicaliirs) Exor Daftend
Pathways: ,
Extornal Exposuta
to Buriad Waste
{IEXT) i o 0 ¢ 1
External Exposure
to Surface Kaste
C(ISYR) 0 1 L 1 1
Food Consumption
{IFQD) 4] 4] 1 1 1
Orinking Water
Censusption (IRAT) 0 o 0 1 1
Aguatic Food Product
Consumption (IARG) [+ 0 0 o 1
Afr Subatssion
(IAIR) g Y 0 0 0
Hours of Exposure:
To Extarnal 2000, 2080, 2009, 2000, 8766,
To Inhaiation 4] 2600, 2000. 2000. 8166,
Heste Dilution
Factor .2 »2 4 1.0 o2
Resuzponsion Holdel: NA Aaspaugh Anspaugh Anspaugh Mass Joading
Age of contami- .
nation (yrs} HA 1] 4] [} -1
Thickrass of sur-
face so11 layer
available (ca) NA 1.0 1.0 1.0 HA
Fraction of biet .
Grown on Site 0.0 0.0 0.0 1.0 1.0
’ Yesrs of Prior
Irrigaticn of
Site ‘ G b 0 10 0
Solected Organs Total Total bedy,  Total bedys Total boCy,  Total bedy.
tody tonas lungss bores lungs: bongs lungs, bones lungs.
! thyroid, thyroid,. thyroids thyrotd,
GI tract GY tract Gl tract Gl tract
! Ho. of Years
. Aftor Waste is
| Disposed That:
i Scenaric Begins 0 0 0 1+ 0
1
; Scenarfo Ends 50 50 50 50 50
Stto Size (ha) 1.0 1.0 0.05 1.0 1.0
4 3.7
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FEVEREYIN L. CEEFUTER (AGE LISTING - OXSITTD

IF (FRSIZ .GE. 1.0} THEX
AREAIR » 1.0
£LsE
IF (FRSIZ JGE. 0.1} THEN
AREAIN = 0,75
FLSE
IF (FRSIZ G5, 0.02) THEN
FREAIH = .50
EtsSe
IF {FRSIZ .6E. 1,005} THEM
AEEAIN ~ 0,28
ELSE
AREAIN = 0,10
ERDIF
[RnlF
ERDIF
ERpie

IF (FRSIZ .GD. 0,351 THEM
MIEALY. = 1.0
ELSE
IF IFRSIZ (L. 0,05 THEN
AREAEX = 2.7 *» ERSIZ » 0.67
ELSE
iFOIFRSIZ LGE. 0.0)) THENM
AEMX « 3.5 ® FRSIZ + 0.48
ELSE
P (FRELY (GE. 6.0025) THEM
AREAEYX, = 20.0 ® FRS1Z + Q.35
ELSE
ARUAEX = (00,0 ® FRSIZ
ENDIF
ERDIF
ENDIF
ENDIF
c
401 OONTHNUE:
c

Ce—=—= tnput ratic and fnventory units

P

c

IF (ISUR (EQ. I AHD. IEXY .EQ. 1Y THMEN
WRITE {SCRM.1220) RPF]
1220  FORMAT (v t,140/3.% ¢,

*Tnis scenarfo assures both surface contamination and'/
't contaminatton froam buried or stored waste. xhat st/
' the retto of waste concentration in the surface to'/
' subsurfacs soiis? (Range » 0.0 to 1.03¢/

* The current salection fe: ', IPGL0.3)

CALL CHANGE ({2) e ICTLAG IXp IL, EH RE, (2. 0V, {1 .0) REX}

IF (ICFLAG J8Q. I} RPFL = RX

- LI » *
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Tabkle 3.2-2.

HAMEEIST
Parapoter Set/No. Array
Mzesn Elamants
AGE INPUT
AREAEX INPUT
AREAIN INPUT
AWI (1om
DEN INPUT
ELTI (100
FRSIZ INPUT
122 INPUT

OMSITE/RAXIL Paramater Descriptions

Real

Real

Real

Alpha

Real

Alpha

Raal

Integer

3.8

Desciription

Anspaugh model. Average age of sur-
face contamination a%t the beginning
of the calculation in years,

Area correction factor for externai
pathways to account for the Timited
exposure potential from smaller
disposal sites. This parameter is
calculated by ONSITE based on the
size of the site, FRS1Z., ({(Defauit
valee s 1.0)

Area correction factor for internai
pathways to account for the Timited
exposure potential from smailer
disposal sites. This parameter is
calculated by ONSITE based on the
size of the site, FRS1Z. (Default
value is 1.0}

Two~character element symbol of
each radionuclide in the source
term.

Mass-loading model. Soil density
in grams per cubic meter. (Default
value is 1.0E+6)

Atomic number of this radionuclide.
Input may be up to six characters
in length and include metastable
{m) and daughter (+D) designation
{e.g.,» TEL1ZITmiD).

Disposal site size {n terms of
fractional hectares. (Default
value is 1.0)

Index of source computer program of
the external doss rate factors in
the file assignea to logical unit
22z

0 -~ ISOSHLD

1 - MAXIZ
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AFPENDIX 1.B COMPUTER CODE LISTING — OMSITE

3064  CONTINUE
c
C---- query if changes are desired to scenarios & moaify -

IF {IRS .LT. 5) GO 70 111
IMOD=1
CALL OPTION
GO TO 100
111 CONTINUE
c
WRITE (SCRN,1001} IRS
1001 FORMAT (@ 1,
L14%,44(7F)/714%, Do you wish to modify any parameter values for!
/14K, 'Scenario ', I1.' (N/Y) 7V)
READ (KEY,8001) IDUM
8001 FCRMAT (AL)
WRITE (SCRN,1002)
1002 FORMAT (' 4,14(/})

WO

C .
IF (IDUM .EQ. 'Y' .OR. IDUM .EQ. 'y") IMOD =1

et s

100 CONTINUE !
IF (IMON LEQ. 1) CALL MODIF ]
c
o .
C~~--- set area correction factor ———— i
C P
400 CONTINUE 3
IF (IRS .EQ. 4) GO TO 401
c F
C -
;

WRITE (SCRN,1300) FRSIZ
1300  FORMAT (v ',14(/),* 1,
. 'The size of the site in terms of fracticnal hectarest/
+ ' ({e., 10000 sq m), is ',1PGl0.3,'.%)
CALL CHANGE ((2),ICFLAG,IX,IL,IH,RX>(}1.E-35),(1.E35),R8X)
IF (ICFLAG.EQ.L1) FRSIZ = RX

c
c

A i

WRITE (SCKN,1301) FRSIZ
1301  FORMAT (////% Y,
1The inventory will automatically be adjusted by the!/
. appropriate area correction factor for each expusure'/
.' pathway based on a site size of ', 1PG10.3, ' hectares.'/)

S r ik

oo
o

GNAME(1) ' the ab? |
GNAME( 2) tove ' L
CALL GROUP (IGFLAG, GHAME) i
IF (IGFLAG.EQ.1) GO TO 400

I 1

A
§
5
#
:
E
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NAMELIST
Paramster Set/No. Array

IARG INPUT Integer
IEXT INPUT Integer
IFGD INPUT Integer
IMO INPUT Integer
INHAL Integer
ION INPUT Integer
I0uT INPUT Integer
3.9
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OHSITE/MANIT Pareweter Descriptions — Continused

Paseription .
If I22=0, MAXIl will set XFACT =
5.844E-11. If I22=1, MAXI1 wil}
set XFACT = 1.0. (Default value
is 0)

Consumption of aquatic food pro-
ducts from a contaminated river
pathway:

0 ~ pathway not selected

1 -~ pathway selected

External exposure and crop root
penetration for deeply buried waste:
0 -~ pathway not selected
1 - pathway selected

Farm products ingestion pathway:
0 -~ pathway not selected
1 - pathway selected

The numbar of months per year that
crops are irrigated. (Default
value is 6)

Inhalation from resuspension
pathway:

0 - pathway not selected

1 ~ pathway selected

Control parameter set to indicate
that input was created by the ONSITE
program. Used to control parameter
printing in QAPAGE. ION is set to

1 by ONSITE. (Default vatue is 0)

Output class index:

0 - print tables of maximum annual
doses per organ with radio-
nuclide and pathway contribu-
tion

R s ot
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AFPERDIX 1.8 COMPUTER CODE LISTIMG ~ GHSITE

200 CONTINUE

c

WRITE (SCRN,1110} IT1

1110 FORMAT (' +,20(/),: ¢,

+'This scenario begins *,I4,' years after the waste is!

./t disposed.')

CALL CHANGE ({1}, ICFLAG, IX, (0), (9999}, RX, RL, RH, R8X)
IF (ICFLAG.EQ.1) ITI = IX

IT2 = IT1 + 49
WRITE (SCRN,I1lil) IT2

1111 FORMAT (* 1,

C

'This scenario wivi end ',14," years after the waste is?/
.t disposed. OK? (Y/4}1)

READ (KEY, B001) IDUM

IF (IDUM .ECG. 'N' ,OR. IDUM .EQ, *'n') GO TO 200

WRITE (SCRN,1120)
WRITE (ZCRN,1121) IOUT

1120 FORMAT (' ',14(/),' ¢,

c

VThrec types cf printer reports are availabia:t//

! 0- Tables of maximum annual dose per organ with radie?,
.'nuclide and'/* pathway contributiont/
.! 1- Table above plus annual doses by orger and totalt/

' 2- Table above plus annual doses by organ, pathway and?,
' padionuciidet)

1121 FORMAT (//% ',

.'The current selection 1s:',I12)

CALL CHANGE ({1}, ICFLAG, IX, (1), (3}, R¥, RL, RH, R&X)
IF (ICFLAG.EQ.1) IQUT = IX

c
IF (IRS .GT. 1 .AND. IRS .LT. 5) GO T0 304
c
C---= if scenario 1 or 5, find out where the wastss are located and set flags
c
IF (IEXT .EQ. 0) GO TO 304
WRITE (SCRN,1210)
PO 302 I =1, 4
WRITE (SCRN, 1211) I, (EXTFAC(I,I},I=1,2)
302 CONTINUE
WRITE (SCRN,1212) ILOC
C
1210 FORMAT (v ',14(/),' t,
. ' In this scenarin, wastes may bo:'//)
1211 FORMAT(20X,I2," ~',2A8)
1212 FORMAT (//,% The current selection is: ',I1)

CALL CHANGE ((1),ICFLAG,IX,(1),(4),RX,RL,RH,RBX)
IF (ICFLAG .EC. 1) ILOC = IX

1.B-3
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Jabla 3.2-2.

Parameter
H_sm

IRR

IRS

ISUR

In

172

MNAMELIST
Sot/No. Array
—Elemanks

INPUT

INPUT

INPUT

Rata Tvpe

Integer

Integer

Integer

Integer

Integer

3.10

GHSITE/AXI] Parszetor Descriptions ~ Continued

Descpintien

1 - prints above table und a run-
ning summary of the apnual
doses Tisted by organ and
total only

2 - prints above summaries and
gives all annual tables by
organ, pathway, and radio-
nuclide

Numper of years irrigation accumu-~
lates radionuctides on the site
prior to beginning the dose calcu-
lation.

Index of the selected defauilt
scenario: '
1 - external exnosure
2 - externai evoosure plus nha-
lation from resuspensicn
3 - external exposure from
agricultural activities
4 - yse of contaminated water for
irrigation and/or drinking
S - user-created

External exposure to surface con-
tamination:

0 - not selected

1 - salected
If this parameter is set to G,
XFACT will be set to 1.0 in MAXIL.
{Default value is 1)

The year after waste disposal when
intrusfon occurs and the annual
dose calculation begins. This
parameter allows for correct chain
decay of source term. (Default
value is 1)

Number of years of annual dose
calculations. The maximum allowed
is 49 + IT1. (Default value is 50}

—
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APPENDIX 1.8 COMPUTER CODE LISTING - OHSITE

Program variable descriptions --
IRS - Index of scenario used for default values
ICFLAG - CHANGE subroutine passing flag: {returned)
0 - no change requested
1 ~ change requested
IGFLAG - GROUP subroutine flag: (returned)
0 - no change requested in this group
1 - change requested in this group
ITFLAG ~ CHANGE subroutine passing flag: (sent)
1 - integer value
2 - real value
3 - double precision value
IX ~ CHANGE subrouotine passing parameter - integer value
IH ~ CHANGE passing parameter - maximum allowable integer input
IL ~ CHANGE passing parameter - minimum allowable integer input
GNAMEi2) - Real*8 name of subgroup passed to GROUP
RX - CHANGE subroutine passing parameter - real valus
RM - CHANGE passing parameter - maximum alicwable real input
RL - CHANGE passing parameter - minimum allowable real input
RB8X _ CHANGE subroutine passing parameter — real*8 value

———- data definition and intialization

OCOOOOOOOOO0OOOOOOOO0000

INCLUDE YONSITE.CMN!
REAL*8 R8X. GNAME(Z), EXTFAC(2,4}

c
DATA KEY, SCRN, OUT, IRS, IMOD, IBS /5,6,7.,1.0,1/
DATA EXTFAC /'On surfat','ce Yy
. 'Burfed a'>'t 0.5 m ',
. Buried a'»'t 1.0m ',
. tStored w','aste v/
C
DATA NVU /TpCi ',*uGi t,'mCi *,* Ci Y/
DATA NVUNIT /1.0, 1.0E+3, 1.0E+6, 1.0E+12/
DATA UNITS /1/square !','meter ',
. t/cubic mt,leter ',
. 1/Kg of s'»toil v/
c

C~--- introduce program, describe scenarios to user, & establish defaults --—--
c

CALL INTRO

CALL SCENR
c
C~--- input time and required parameters -—
C

WRITE (SCRN,1100)

1100 FORMAT (' ',20(/),' %,
J'Enter a descriptive title to identify this case: ')
READ (KEY,1101) (TITL(I), I=1,20)

1101 FORMAT (20A4)

1.B-2
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Teble 3.2-2. QUSITE/RAXIE Peramster Descriptions - Continusd

HAREEIST
Parametsr  Set/No. Array
~bma . _Elements = Dota Type Bezoripiion

IWAT INPUT Integer Drinking water ingestion from well
water pathway:
0 - pathway not selected
1 - pathway selected

KORG INPUT Integer Indices of selected organs.
(5} Indices must be arranged in
ascending order as discussed in
Section 4. Total body must be
included.

M3IM2 INPUT Integer Surface source term input:
0 - permits input of pCi/square
meter
1 -~ permits input of pCi/cubic
meter

2 = permits input of pCi/kilogram
of soil
(Default value is 1)

NIN Integer Number of radionuclides in the
source term. ONSITE calculates
this number.

NORG INFUT Integer Number of organs to be considered.
Total body must alwavs be con-
sidered as one of the five selected
organs, NOTE: 1< NORG <5.

Q (100} Real Contamiration deposited on the
site at start of calculation.
Units as specified by M3M2.

QI (100} Real Irrigation/river release source
term in units of pli/L. May be
used in Scenarios 4 and 5.

QJ (100} Real Drinking water source term in units
of pCi/L. May be used in Scenarios
4 and 5.

RF1 INPUT Real The fraction of total roots in top

15 ¢m of the soil. (Default
value is 1.0)

3.11
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APPENDIX 1.B COMPUTER CODE LISTING - ONSITE

Program Title: ONSITE

Developed for: U.S. Nucear Regulatory Commission
Office of Nuciear Material Safsty & Safeguards
Division of Waste Management

Date: May 31, 1984

NRC Contact: Dr. Stan Neuder
Phone: 301-427-4607

Code Developer: B.A, Napier, R.A. Peloguin, W.E. Kennedy, Jr.
Pacific Northwest Laboratory
Richland, WA 509-375~3849 (WEK)

This program was prepared for an agency of the United States
Government. Neither the United States government nor any agency
thereof, or any of their empioyees, make any warranty. expressed
or implied, or assumes any legal liability or responsibility for
any third party's use, or the results of such use, of any portion
of this program or represents that its use by such third party
would not infringe privately owned rights.

OOO(‘)C')OOOOOOQOOOOOOOOOOOOOC‘OOOOOGQOOOOOO(‘)CJOOOOOOOO?

ONSITE is the interactive user/system interface for the ONSITE
Disposal Version of the MAXIL computer code. ONSITE creates
a file containing the JCL and input stream for MAXI1,

Version of 1-MAY~84 RAP
The program ONSITE includes the following moduies:

CHANGE - to query if parameter is to be changed, and if so»
to input the new value

DISINV - to display and control modifications to the
user~entered tnventory

GROUP -~ to determine if changes are required for a group
of parameters

INTRO - to dispiay introductory mescage

MODIF - to modify selecied scenario parameters

QUANTI - to read in source term this radionuclide

RADIN - to read in and test radiological inventory

RITFIL - to write MAXI1 JCL and input stream

SELECT - to selsct and test scenario option

SCENR ~ to establish scenario default parameters

1.8-1
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Table 3.2-2. ONSITE/MAXIL Parzmster Descriptfons - Continuad

MAMELIST
Parameter Setfiln. Array

Naze. . __Elssents 0 Data Fvpe Descrintion

RF2Z INPUT Real The fraction of total roots enter-
ing the buried waste below the top
15 cm plow layer of seil. (Default
value is 0.0) Note: RFL+RF2 <1.0.

RINH INPUT Real RINH modifies the hours of inhata-
tion per year from 8660 hours per
year to case-specific values and
modifies breathing rate. ONSITE
asks for the number of hours of
trhalation per vear and computes
this number.

RIRR INPUT Real Irrigation rate in liters per
square meter per month. (Default
value is 0.0 - no irrigation)

RPF INPUT Real This parameter value is calculated
by ONSITE (RPF = RPF1 #* RPF2}
uniess RPF is zero cr unspecified;
in that case RPF = RPFl.

RPF1 INPUT Real This is a ratio of waste concentra-

tion in surface to subsurface
soiis. (Default value is 1.0)

RPF2 INPUT " Real Fraction of the total diet grown on
the site. }?efau]t value is 1.0)

SRDIL INPUT Real Inventory dilution factor. (Default
value fs 1.0)

XDPT INPUT Real Anspaugh resuspension model. Frac-
tion of the soil plow-layer thick-
ness available for resuspension.
{Default value is 0.067)

XF2 Irput Real Number of hours of external expe-
sure to surface contamination.
This parameter will modify XFACT by
XF2/8766 in MAXI1. (Defauit value
is 2000}

3.12
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Teble 3.2-2, OCNSITE/MAXIL Paraseter Doscriptiens - Continued

NEMELIST
Paramoter Set/MNo. Array
_Nema  __Elgeonts . Dais Typs Pascrintion

XMLF INPUT Real Mass-loading resuspension model.
Mass-loading factcr in grams per
cubic meter. (Default value
is 1E-4)

The reference Y“environment™ used to calculate the dose fictor files in the
data libraries is based on a uniformly contaminated site of 1 ha. To
modify the default site area for consideration of smaller sites, the user
is asked to enter the site size in terms of fractional hectares. As an
example, if we wish to model a site_of 150 » we would enter a fractional
site size of 0.015 (150 m</10,000 m?). The site area correction factor
automatically applied by the ONSITE computer program to the ingestion and
inhalation pathways is 0.25 as shown in Figure 2.1-1. This factor émp1ies
that only 25% of the total annual diet is raised on & site of 150 m* and
that the local air concentration resulting from resuspension is 255 of that
resulting from a targer (1 ha) site. For direct exposure, the site area
correction factor appiied by the ONSITE computer program for this case is
about 0.5 as shown in Figure Z2.1-3. This fachr impiies. that the direct
exposure source strength from a site of 150 m® is 50% of the source
strength resulting from an infinite slab or plane. In adcition to applying
the site area correction factors, the user may stiil modify the hours of
exposure and the other scenario-specific pathway assumptions.

3.3 Qutput Descriptions

ONSITE produces a system execution file containing logical unit/file
assighments, the system command to execute MAXIL, and input for MAXIY
defining the scenaric specified by the user while interacting with ONSITE.

MAXIl generates a printer report that contains a complete description of
parameters and their values and tables of maximum annual dosss per organ.
The user may select from three levels of detail in the results reporting:

+ tables of maximum annual doses per organ with radionuclide and
pathway contribution

= ‘the tables listed above and a running summary of the annual doses
Tisted by organ and total only

e the above summaries and all annual tables by organ, pathway. and
radionuclide.

3.13
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FPPEMDIX 1.A OOMPUTER CODE LISTING - MAXIL

- -

SUBROUTINE ZEROI(N,K)
THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO.

Module of MAXIY
Yersfon of 25~APR-84 RAP

O OO0 OO0

DIMENSION K(N)
00 1 J=1.N
K{J)=0
CONTINUE

RETURN

OO0 O

END

SUBROUTINE ZEROR(N, A}
THIS MODULE SETS N VALUES OF ARRAY A TO REAL ZERO,

Modue of MAXII
Version of 25~APR-84 RAP

0 D?OOOQOO a0

DIMENSION ALN)
80 1 J=1,N
ACd)=0,
CONTINUE

RETURN

OO0 O

END

1.A-52
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. ' \« The paromater IOUT centrols printer regert seloction tsual Ty IOUT=0 w1
) provide the user with adoqueto rosults. Examploes of output from MAXIL are
tnclugded for easch of the sample problems in Section 3.4.

3.4 Rample Prodleas

Five sample problems ara presented and discussaed to assist the user in
— vartous types of exocutions. An attempt has been made to cover a typical
range of scenarios for which the code package was intended. The compliete
sot of {nput and output for each of the szmple problems s listed.

—
' 3.4.1 Sample Problem Cne
The first sample problem is designad to exercise the external-exposure
sconario. For this sample problom, a }icensee is assumed to dispose of
w’ 500 o of radicactfve weste in a burial area onsite. The waste s assumed
< - to contaln an average of 0.1 Ci/ of °YCo buried to a depth of 0.5 m over
T 2 1 ha site. The sample problem is to determine the doses to an imtruder
ey 10 years aftor the wastes are burted, The solutfon ts found by runming the
OHSITE default external exp%sd:re scenario for subsurface waste with default
o s exposure conditions and the ““Co wasta {nventory. A summary of the ONSITE
{interactive sossion used to develop the runstroam for Sample Probiem One is
— shown 1n Figure 3.4-1. The cutput resulting from this sample problem is
shown fn Ficure 3.4-7. Tho maximum annuyal total-body dose to thae intruder
m resulting for this sample problem is about 0.04 rem/yr. Hand calculations
wera performed for this sample problem. The results.verified the code
1"y oparation in calculating radicactive decay, soil concentrations, and total-
—— body dose for the external-oxposure patheay.
i
o 3.4.2 Sample Problem Two
et Tho second sample problem is designed to exercise the external exposure
plus fnhalatton sceparfo. For this sampie problems a H;;enseg i{s assumed
o™ to dispose of 500 of waste onsite containing 0.1 Ci/m’ of Ocs and
> 001 Ci/re of “YSreD. The wastes are assumed to contaminate a 1 ha site.
Lo Default conditicns for resuspension are assumed except that the intruder is
h assumad to be exposed for 3000 hWyr fnstead of 2000 h/yr. 3ample Problem
Two is to determine the doses to the intruder 10 vears after the wastes are
burted. The solution Is found by running the ONSITE external exposure plus
= fnhatation default scenarfc with the specifted conditions and waste fnven-
- tory. A summary of the ONSITE interactive session used to develop the
‘\ runstream for Sample Problem Two is shown in Figure 3.4-3. The output
vooT resulting for this sampla is shown fn Figure 3.4-4. The maximum annual
\ - doses resulting for this sample problem are about 16 rom/yr to total bodys
LA 22 resvyr to bone, 37 rem/yr to lungs 16 rem/yr to thyroid, and 16 remyr
AL to GI (LLI).

3.14
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FPPESDIX 1.A COMPUTER CODE LISTIKG - MAXIL

C- -
c
SUBROUTINE WATER{IDKWAT, INUC,JTINE, AMK.J)

c
C THIS SUBROUTINE IS USED 70 DECAY THE WATER RELEASE SOURCE
C TERM IF NECCESSARY. USED FOR OVERFLOW RELEASE CASES.
C
C Modutle of MAXI1
c Version of 25-APR-84
c
C
c

COMMON/DATAL/ELTO(50) , AWO{50) » TOFNUC(50) , NONUN, DK(2,50) ,

SIFRM(Z,50),AL{50) , AM(50) ,SOILCN{50) s ICHN, AMI (50}, AMI(50),

&IFQD, IARG, IWAT,RIRR,RPF ,, XMLF,DILF, IMO,DEN, TEXT
C

CHARACTER®G6 AWO

DIMENSION AMK{S50)
C
1 CONTIRUE
C IF NOT DECAYING WATER SQURCE, SET AMK=AMI
C

IST=INUCH]
K=I§T+J~1

IF{IDKWAT.NE.Q}GO TO 10
DO 100 I=IST,K

100 AMK(I)=AMI(I)
GO TO 90

c

€ DECAY ONE MEMBER CHAINS

c

10 IF{J.GT.1}G0 TO 20
FRKCIST)=AMI(IST)*EXP (~AL(IST) ®ITIME)
GO TO 20

c
C  CALL CHAIN DECAY ROUTINE
c
20 DO 200 I=IST,K
200 AMI(I)=AMI(I)/AL(I)
CTIME=3TIME
CALL ACHAIN(J,CTIME,DK(1,IST),IFRM{1,IST),ALLIST)  AMICIST),
SAMK(IST))
DO 309 I=IST,K
AMI(I)Y=AMI(I)*AL{I}
300 AMKID) =AMK(I)®AL(ID

S0 RETURN

END
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£

#
‘ ]
This interactive program will assist you fn ths craation £
of scenzrios for assessment of onsito disposal of Tow- B
leve] wasts, Doses to man through the specified pathways ¥
will be simulated by the computer program MAXI.' :
The following notes may be of {nteraest:
When you hava finishec reacing, prass <return> <cr>

T W W WO R N TN W T X WA TR T

5##§§#§if§#ﬂ##fﬁ##!#i###ﬁ#!ié##ﬂ#f###&f#tl#!f#?###Si!###&#f’#ﬁ#iflﬁi##fii#i
- SBEEE PR RELaE RO ETCERLFEFEFOCEREERERRGAFSERRECEEFLRRIEEERERIRIFINEEE

1) If tho default condition 1s selectad, you nced only
prass <roturn>. YES-or-NO questions are designated by
(Y/N) and should be answerad with a ¥ or K. The default
condition 15 always listed first.

2) The values you enter will bo tested against reasonable
1imits and 1§ they arg_not accepted you will be asked to
supply another value.

When you have finished reading, press <return>® <cr>

A
Wn Wy W Ve Y Th W R: Th TR TR Tk T
Wy Wy Th Wi Y TR Th W W U N YR TR

FCHRLEES T IR R E ORI TEGRES AN BELETEGHA LRGSR UCERORFRAERELLERSTERERLIRTFHR

EEEEBEEEEEE PO RAEREERERRRIRETEGRESRERFRFGERIE IR RGP HERARERNFREFAREREOCHEER
# ¥

f The following scenarios have besen defined: £

¥ ¥

# 1 - External exposure #

§ 2 = Extorrnal exposure plus inhalation from resuspension ¥

¥ 3 « Agricuitural activities £

N # 4 - Use of well water for {rrigation and drinking water #
¥ 5 - User-created scenario -4

N # ¥
. ¥
T [ 4 To setect a scenario or for addftional information ¥
= g on a scenario enter 1, 2, 3, 4, or 5: 1 <cr> 3
SRR £
. FEEFBFRFRiERiRERei R PREFRARILBERURIF RGOS ILRRIRRLERIRIFRGISIPERSRUSERELES

. Figure 3.4-1. Sample Problem On3 Interactive Session
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APPERDIX 1.A COMPUTER CODE LYSTING - MAXIL

CALL ACHAIN(J,AITIME,DK(1,IST),IFRM(1,IST),ALCIST)SOILCNCIST),
- SOILCN(IST))

DO 200 I=IST.K

SOILCN(I}Y=SOILCN{I)*AL(I)
200 CONTIMUE

IF(JTIME.LT.ITLY GO TO 170

IF(IEXT.NE.1} GO 70 170

THIS SEGMENT SETS AMT. AMOUNT OF DEEPLY BURIED WASTE

o000 O

00 300 I=IST.K
AM{T}=AM(2) - AL(I)
300 CONTINUE
ATIM=JTIME
CALL ACHAIN(J, ATIM,DK(1,IST),IFRM(L,IST),ALCIST) ,AM(IST)  AMT(IST)
.}
DO 310 I=IST,K
AMCI}=AM(I) *AL(I)
AMT(I) =AMT(T)I*AL(1)
310 CONTINUE
170 CONTINUE

RETURN

0o o

END
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SCENARIO 1: External Exposure

This scenarfo can be used alone or as part of Scenarios 2
and 3. Occupational conditions of 2000 h/yr of external
axposure areg assumed. Waste may he located or the surface
buried at 0.5 ms burfed at 1.0 m, or storad.

Scenarto 1 fs now selected. Do you wish to change
this salection (N/Y): <ecr>

Yo N VR T e W W TH O R
L Y LY

BRI RER RS ISR B O RIR S PR AF IR UE I F LS EEFSAFTERRATECREARFLRLBERELLERDE
PR T S P AR PSS PR T T AP S e P P i P T p T 3 T F S I AT

Enter a descriptive title to fdentify this case:

SRPLE PROBLEM QHE

T T T X TR R M Mo R W R e Wi
T Yp W W W Ve R WS W O e R '

BEEFE R FET R AN AR s SR IR OH AL E RO N RN R B E ARG E S IR SFR AR E S FEHPARR 20T
BERSFRINRERREIGE RGN EREREVAREAF TGS ER SRS LAGR AT RRUREEPHEEREFEHNBESERGRIRGBENE

T
Y

-

2747378 T

[

".}5?.:“ # #

%23' # This scenarfo begins 1 years aftasr the waste is ¥

.- # disposed. #

- B ; #

; # Do you wish to change this value (K/Y)? Y <cr> FJ

£ £

- 4l # Enter new value: 10 <cr> #

17 # £

[ # This scenarfo will end 59 years after the waste is £

e 1O # disposed. OK? (Y/N) <cr> #

: # #

':4%,\ FREEREREE R F R R NS G RER U E RS R RO RN R GR NG ER T REER S SRS EIFRRERBGLEL #0888
I'.

Figure 3.4~1. Sample Problem One Interactive Session (Continued)
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RFPESDIX 1.A CONPUTER CODE LISTING - MAXIL

o9

SUBRCGUTINE SOLCON (ITIMZ,ICH, INUC, AITIME,J, AC,JTIME, AMT, ITL,
. MK, AHM, RPFL)

THIS SUBRCUTINE IS USED TO CALCULATE THE SOQIL CONCENTRATIANM OF
BOTH THE DECAYING SURFACE CONTAMINATION AND DEPQSITZW
CONTAMINATION FROM IRRIGATION

Madule of MAXIL
Yarsion of 25-APR-84 RAP

COoOOOOOCOO0

COMMON/DATAL/EL TO(50) . AWO (50} » IOFRUC(50) » NORUC, DK (2,501,
SIFRM(2,50) A ALIGE) » AMIS0) ,S50TLCNIED) o ICHN. AMI{S0) ,AMIL50),
« IFODe IARG, IWAT, RIRR, RPF . XMLF L DILF, IMO, DEN, IEXT

EHARKRCTER®S AWQ

DIMENSTON AMM(S0)
DIMENSION AQ{50},AMK(50),AMT(50) -

IST=INUCH]
IFLJ.EQLLY GO TO 150
GO TO 160

DECAY UNE MEMBER CHAINS ARD CORRECT FOR IRRIGATION BUILDUP AND
YPLOW FACTOR®, THE MUALTIFLICATIVE RATIO BETWEEN
BURIED AND SURFACE WASTE

QOO0

150 AQ(IST)=AQ(IST +AMK(ISTI*RIRR*IMO+ AN IST) #3.15E4
AOCISTY=AOUISTY REXPL-AL(IST))
SOILON{IST)I=RIISTI *RPFISEXP (=AL (ISTI NI TIMEIH+ADLIST)
IF(IEXT.NE.L) GO TO 170

c

C SETS AMT IF ON
IF(ITIMELGELITY) RMTUIST)=AM(ISTI*EXP(~AL{ISTI & TIHE)
GO 7O 170

1860 CONTINUE
KeIST+IOFNUC(ION) -]

c
C CALL CHAIN DECAY
c

0O 100 I=IST.K

IFCITIMZ.EQ.])
SSOILCHID = (AM(I) *RPFLI JAL(])

IFCITIMZ.GT.])

SSOILCNC DY s {SOILCN( I +AMK(I ) *RIRR® IMO+3 1 SE4* AMM( ) J/AL( DY
100 CONTINUE
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BEESEESGoRL R ELNFEaSEPRCR0ESESERETIEREOREO0EOPERERFHIERIERFRENFSICRECRECENS

Thires types of printer reports are available:

pathway contribution

1- Table above plus annual! doses by organ and total
2- Table above plus annual doses by organ, pathway & radionuclide

The current selsction is: O

0~ Tables of maximum annual dose per organ with radionuciide and

N N W Ve Th Wh e Ve Tk Th T Yh

Do you wish to change this value (WY)?T <cr>

T W T e DN T W W Wi e, T Th W

FRRFREEHRRSORBRLBEGORERES DI NG RGEERRRERTFEFFRPECHRRFLGEATRESERFERIRRIFRHSE

BEAPELRRELF SRR G RALERPE TG ILIFRITEREARPENALPLRRREPNERRREFERSREFRRASERETTEHE

PR N

The current selection 1s:

In this scenario, wastes may be:

-0n surface
-Burfed at ¢.5 m
~Burfed at 1.0 m
~-Stored waste

2

gy W M Ve W VR VA Ve n Th W Wh ¥R

Do you wish to change this value (N/Y)? <cr>

Fn Vi He T WG T T VR W W N U Tx

S RT3 E LR PRI PSR PR P A F T P PP S P o a3 b dd i s 2 4 4
RERSREGEUNRBIRIREEESRRBTSERGREEFCLNOPRLUTALIEERRN I ORALAREROTRRRERERERRERFF

b

#
#
F
£
4
#
f
#
#
#
#
£
¥

Figure 3.4~1.
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Do you wish to modify any parameter valuss for

RSN S e EnrE nEnREm TSR L =

Scenarfo 1 (N/Y) 1 <¢cr>

Sample Problem One Interactive Session
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APPERDIX 1A

15 CONTINUE

TR T Tt S L R AGMME ol S Ty T T YA S8 eyt APt P e T g R S Yk et AR . i e

P o g

COMPUTER CODE LISTIRG -~ MAXIR

SET NUMBER OF NUCLIDES IN REDUCED CHAIN

TIOFNUC{ICHN) =NCN-I

PRINT 8872, IOFRUCCICHM) » TCHN,NCN, I

20 CONTINUE
NONUC: INUC
RETURN

97 WRITE(6,98) INUC

8872 FORMAT(M™ AT 15 IN SETDAT (IOFMUC, JCHNLNCN,I): ®,414)

OB FORMAT{1HL,' DIAGNOSTIC 13:T00 MANY NUCLIDES ATTEMPTED IN SUBROUTI

LME SETDAT. INUCw',I5)

sToP

END

1.4-48



o
AN

W\

9 2

BELPISREEF RO COE RO ONOE RN BRI CR R ERDEORYSFECORFRRISERIFEREROESREISER
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The size of the site in terms of fractional hectares
(fe.. 10000 sq m), 5 1.00

Do you wish to change this value (N/Y}T <cr>

The fnventory will autematically be adjusted by the
appropriate area correction factor for each exposure
pathway based on a site size of 1.00 hectares.

R N NI N L N ST S SN S T S T I N G o S TS A N T N X T R E S SR T ST SEn R T anar

Do you wish to review or change the ahove parameters (MN/Y) <cr>

T Tt W T TR Tk TR W MR M Sk T W

BRAGHRENERE AR RAFEDEHTRAA LN RFRCHE PR B L LSRR ERTHSHBETGEEIRAFESIBRIERELHIHRES

REGERRELEERYRBICHBRGR BB RS RRRIE BRGNP EHEAENCURERE B UL ERRERFRE LEFERRNRIPEELR

B W W r Wh W Ve W TR WR IR Ty ey

The surface/buried inventory may be entered as:
1 - pCt
2 ~ uCi
3 - mCi
4 - Ci

The currect selectfon is: 1

Do you wish to change this value (N/Y)? ¥ <cr»
Enter new value: 4 <cr>

Ta VA YR YR U W U D W A W W W

RIRERGRNRREAREREFIROROLEAREARIRRETETBARER YRR IREREFTERECER RS BRSO RRSERHERHES
FRREREEN AT BT TR AR PR RR I ERG G B AR RGREHHFRFELRARH Y

]

E
#
#
#
#
#
#
#
#
#
£
#
¥

RO R RO R E AR RR RO RTH R RS F AR IR RN CERAR SRR FREATRRORRREGUF IR

#
The contamination deposited on the site at start of
calculation may be entered in the following units:

0 - Cf /square meter
1 -~ Ci /cubic meter
2 - (f /Kg of soil

The current selection 1s: 1

#
#
¢
#
#
3
#
#
#
#
Do you wish to changs this value (N/Y)? <cr> #
#
¥

Figure 3.4-1. Sampie Probiem One Interactive Sessfon (Continuad)
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APPENDIX 1.A COMPUTER CODE LISTING - MHAXIL

DEBUG PRINT STATEMENT--
PRINT 8888, INUC, ELT(IL), AW(IL)
8888 FORMAT (' INUC: *,15,1X,A2,A6)

L3
i
o000

ELTO(INUCY=ELT(IL)
AKOCINUC)=AW{IL)

c ORGAN SOLUBILITY DATA--
DO 250 JORG=1,NORG
o 250 NTR(JORG, INUC)=NSOLD(JORG,NFIL)

IRAP=0
E=EL TO{INUC)
A=AKO( INUC)

C LEAF AND SOIL MECHANISM DATA
M, IF (IFOD .EQ. 0) GO TO 30
IRAP = 1
o CALL DFREAD(IRAP,E, A, NORG, KORG, INUC)
‘ 30 CONTINUE

- c AQUATIC FOOD DATA
— IF {IARG .EQ. 0) GO TO 40
IRAP= 2
o CALL DFREAD(IRAP,Z,A,NORG, KORG, INUC)
40 CONTINUE

o4 DRINKING WATER DATA
b IF (IWAT .EQ. 0) GO U v
IRAP= 3
o CALL DFREAG{IRAP,E,A,NORG, KORG, INUC)
50 CONTINUE

I

C SURFACE EXTERNAL DATA
IF (ISUR .EQ. @) GO TO 60
IRAP = 4
CALL DFREAD{IRAP,E,A,NORG,KORG, INUC)
60 CONTINUE

9 2

c BURIED/STORED DATA
If (IEXT .EQ, 0) GO YO 70
IRAP = &
CALL DFREAD(IRAP,E,A,NORG,KORG, INUC)
7G CONTINUE

. ’ GO TO 15

C INCREMENT INDEX TO SKIP UNUSED CHAIN MEMBERS
- 14 I=IMEM(IL;

—_— 1.A-47
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£ £
£ ¥
# The surface/buried fnventory dilution factor §s: 0.20 #
# (rangs = 0.0 to 1.0E+20) #
¥ - - #
# Do you wish to change this value (N/Y)? <cr> #
# #
# #
# z::::::::::.—.:::::ncnu:&z=:r.==========:=========:=::=========z============== #
# #
# Do you wish to review or change any of the above parameters (N/Y) <cr> #
# #

St E R i L R s H S T RS P E A E I P S A S T TR L F PRSI R TR a FE E P FE T L
Li i S f b r A S s A T S S S LT SR e T LA ST F b T b A I Fd 44

# #
£ The fellowing questions pertain to the radionuclide #
# inventory. After inputting the fnventory, enter #
# V99" for element name to signal to the program that #
# you are finished. #
# #
# #
# N N I N T N S N N e T N N e N N S T T S L TS S T S SO D T s s #
# #
# Press <return> when you have finished reading: <cr> i#
# #
¥ #
¥ #

RERPUBERIACREGEEREUR e DR REGEF R IR LS DERER PR R LB AR R LS R LR GRES SR BRHS
FEREGERA AR ACHERS AR GRS LR GENREGERARE B R REGE RIS AR AREREF SN GHDE LS E

Enter new Z-chatracter element (99=finished): 99 <cr>

# #
# Enter new 2-character #lement (99=finished): CO <cr> #
# #
# Atomic number input can be up to & characters tong. #
# Include metastable (M)} and daughter (+D) designation, {(i.e., TEIZ7M+D) #
7 #
# Enter atomic number: 60 <cr» #
# #
# Enter the quantity of CO6( buried at the site at start of #
# calculation (unfts: Ci /cubic meter } o3 <er> #
# #
# R NN T N N R N N N R S L N L N T S S N e T S e s T e R T I N T N O O e I s e e e ey #
# #
£ #

EEEF SR P TR F IS NG A S S F SRS S SRR R EE S ST RS EEEEE L F T

Figure 3.4-1. Sample Problem One Interactive Session {Continued)
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FPPEDIX 1.A  COMPUTER CODE LISTING - MAXIL
LOOP ON ALL CHAINS FROM MASTER LIBRARY

GO 20 IC=l,hH

IF THIS CHAIN IS NOT USED, THEN SKIP TO 20
IF{NFLAGC(IC).NE.1)GO TO 20

O OGO OO0

ICHN=ICHN+1
NCN=NOFRUC(IC)
N1=NCHST(IC)
NZ2=N1+NCN-1
IONE=0
I=0
LOOP ON ALL NUCLIDES IN ACTIVE CHAIN
DO 15 IL=Nl,N2
CAPTURE ALL DAUGHTERS
IF(IONE.EQ.1)GO TO 10

IF THIS NUCLIDE AT THE FRONT OF THE CHAIN IS NOT SPECIFIED, SKIP.

QOO OO0 oo

IFINFLAG(IL).EQ.0)GO TO 14
IONE=L

SET ALL DATA FOR THIS MUuCLIDE FROM INPUT AND EXTERNAL FILES

OO0

10 INUC=INUC+L
IF(INUC.GT.50)G0 TO 97

RADIOLOGICAL DATA

OO0

IFRM(1, INUCY=MAX(0, IFR(1,IL)-T)
IFRM(Z, INUC)=MAX (0, IFR(Z, IL)=I)
DKL, INUC)=DKF{1, IL}
DK(2, INUCY =DKF (2, IL)
ALCINUC)Y=0.693/TR{IL) *365.25
IF(NFLAG(IL).EQ.G)GO TO 16
NFIL=NFLAG(TIL)
AMUINUC)=Q(NFIL)}*RIM
QAPR{ INUCY=Q{NFIL}
AMI {INUCY=QI(NFIL)
AMI (INUC) =QJ (NFIL)
AML (INUC) =QK(NFIL)

16 CONTINUE
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#

# Surface/Buried Prinking

# Ct Irrigation Water

# Radionuclide /cubic meter ci N1 ci /1

# c—— - -

# 060 0.10 0.00E+00 0.00E+00

#

# b e S S - - - )
# Do you wish to reviow or change the above parameters (N/Y}? <cr>

£ Do you wish to add radionuclides to the above inventory? <cr>

M U T TR S e R T W

BRERESHERRERASFRSRRREIRRE RN R FARRBRRARREFRBEAEER AU ENBRUHERFRBRRRAEHBREH R

(The above interactive session generates the following fiie.)

account~name,STMFZ,CM160000,EC400,T177.
ACCOUNT » account~-name, problem-number, problem-number,
ATTACH, TAPEZ0, FILEZ0, ID=7ZRNRC.
ATTACH, TAPE2),FILEZ1, ID=ZZRNRC,
ATTACH, TAPE24, FILE24, ID=ZZRNRC.
ATTACH, TAPE25,FILEZ5, ID=ZZRNRC,
ATTACH, TAPE22Z, PLANSCURC, ID=ZZRNRC.
ATTACH, TAPEZ7 ,BURIEDHF, JD=ZZRNRC,
ATTACH, TAPELO,RMDL 1B, ID=ZZRNRC,
ATTACH . TAPEZ3,FILEZ3, ID=ZZRNRC.
ATTACH, ABS,MAXI) ABS, ID=ZZRNRC.
COPY, ABS, GO,
RETURN, ABS.
MAP,OFF.
LDSET, PRESET=ZERQ.
LGO.
{eor }
SAMPLE PROBLEM ONE
JINPUT NEXT=1,
IFOD=0, IARG=0,IWAT=0, IEXT=1,
ISUR=0, IAIR=0Q,
RPF1= O, + RPF2s=
RINH= 0.000000, DILF= 1.00 s XF2=
M3M2~ 1, INTRUD=0, I22=0,
ITl= 10, IT2= 59, NORG= 1,
SRDIL= ,200 » FRSIZ= 1.00
AREAEX= 1.00 ’
IoUT= 0, ION=1, $END
1 0
11311 1.00E+11 Q. 0. 0.

1.00 *
«200E+04,

KORG(1}= 1.

» AREAIN= 1.00

Co60
feor }
feof }

Figure 3.4-1., Sampte Problem One Interactive Session
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. RPPEERIX 1.A COUTER CODE LISTIMG - MAXIL
» Cormmmmniseee
) c
HESQUTINE SETOAT  (ELYIL AWI NFLASJNFLAGS, Q,
. KORGNCRG NSOLDWNTR. Q101 . RIM,
. QAPR, 15UR)

This subroutine stores decay and cose facter data for each
racionuctide In the inventory.

Hodulo of HAXI]
Yarstian of J1-MAT-84 RAP

COMMON/ THIRDS/QK(50) 2 A% 1500, AQSTTE, TAIR, IDKAIR, IBLOW

G OHo0O0O00

" — COMMON/ R IB/EL TE300) o AW(302) , TRI300) , NIC, NCH, NCHNC300) , NOFNUC( 200)
- e NGHST{200), IFR(2,300) ,CKF (2,300}, IMEM(300)

COMMON/DATRL/ZELTO(50) » AKO(50) , IOFNUCE50) , NONUC, DK(2,50) »
— <IFRME2,50), AL(E0Y, AMISDY, SOTLCN(SD) , TCHM, AMT(50) , AMI (50} ,
< IFOD, ARG, IMAT, RIRR. RPF  MLF . DILF - IMD, DEN, IEXT

—e c
COMMON/ DATAZ/ DFDOS(30, 50,5 » AIDOS(50,50,5) , INDOS{5C,50,5) ,
o0 LDEXTUS0}, ARGF (50,50,5) , ARD¥{50,50,5) , DEDXT(50)
c
1e) DIMENSION ELTI(S0),AWI{50},NFLAG(300) ,NFLAGCL2007,Q(50)
DIMENSICN QI(50),03(50),Q4PR(50)
=y DIMENSION KORG(BY, NSOLU(S,50), NTR(E,50)
C
o CHARACTER®S AW, AHLS, AWX, AW 1, ANO, AWAY , AWW, AHDX, A
REAL IKDOS
. INUC=0
o™ ICHN=0
c
o CALL ZEROR{S0,ELTO)
c CALL ZERCR{SGT, ARD)
, c
! , DO 8881 IRAP = 1,50
. ‘ ARGCIRAP) s ° '
T 8881 CONTINUE
¢

CALL ZEROI{SQ.IOFNUC)
CALL ZERCR{50,AL)
CALL ZEROR(50,AM}
- ~CALL ZEROT{250,NTR}
c )
C

1.A-45
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MAXI - Maximum Annual Drse Calculation Yersion YAXZ2.? 25-APR-84
Executed on 3-MAY-84 at (7:38:10 .
Case title: SAMPLE PRCBLEM ONE

RADIONUCLIDE CHAIN LIBRARY USED:
DOSE FACTOR FILES USED FOR THIS CASE:
¥Z7 1SOSHLD EXTERNAL: ONSITE/BIOPORT £XTERNAL DRFS (BURIED AT 0.5 M) 9-APR

RADIONUCLI0E MASTER DATA LIBRARY /w TRANSLOCATION CLASSES, 6-APR-84 RAP

DOSES CALCULATED FROM 10 TG 59 YEARS FOLLOWING TIME ZEROD
i
PATHWAYS INITIALIZED FOR DOSE CALCULATICNS:

FARM FROGUCT TNGESTION:

OFF

INHALATION OF RESUSFLKDED MATERIAL:OFF

SPECIAL PARAMETERS INITIALIZED:

AQUATIC FOODS INGESTION: OFF INVENTGRY DILUTION FACTOR: 2.00E-C1

DRINKING WATER INGESTION: QFF DECAY OF RIYER RELEASE SCURCE TERM NOT PERFORMED
CONTINUING ATMOSPHERIC DEPCSITION OFF DECAY OF AIR RELEASE SCURCE TERM NOT PERFORMED
EXTERKAL FROM BURIED WASTES OH SITE X/Q: 0.00E+00

EXTERNAL FROM SURFACE DEPOSITS: OFF SPECIAL INHALATION MODEL NOT USED

SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES

INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+0)

EXTERMAL PATHRAY AREA CORRECTION FACTOR: 1.DGE+00
FARM PRODUCT PARAMETERS USED:

FRACTION OF RCOTS IN UPPER SCIL: 0.10E+0l
FRACTION GF ROOTS IN BURIED WASTE 0,00E+00
FRACTION OF TCYAL DIET GROwN ON SITE: 1.COE+00Q

IRRIGATION RATE: 0.00E+QOL/M**2/M0

MONTHS PER YEAR IRRIGATED: 6

RIVER DILUTION FACTOR: 1.0QE+GOYR/L

YEARS OF IRRIGATION WITH CONTAMINATED ®WATER PRIOR TO

THE DOSE CALCULATIONS: b
EXTERWAL EXPCSURE PARAMETERS USED:

RATIO 07 EXTERNAL CONTAMINATION IN SURFACE SOIL TO SUBSURFACE SOIL 0,00E+00
NUMBER (# HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.C0E+03
SURFACE -'EPQSITS DRFS FROM ISOSHLD; MOGIFICATION FACTOR: 5.844E-11

ORGANS FOR WHI{H DOSES ARE CALCULATED (SAME ORDLCR AS SOLUBILITIES GIVEN BELOW):

TOTAL BOOY

Figure 3.4-2. Sample Problem One Qutput
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AFPTIEIIX LA CoPUTER CODE LISTIRG - MAXIX

. 1H0=)
T - HOHSTINCH) s ¥l
GO YO 4

. c
: C DAUGHTER HUCLICES
- C TEST oRDER
- pd
_\- C
~ 3 TFCIM-IMO,KNE, 1) GO TO 97
Tty TM
HOS HUCH NOHY sHOFRUC L HO41 +1
1FREG USI=ETLY)
L IFRE2 NUCH = 1TI2)
DKF (1, MUC) sFRIL)
‘ BRF (2 00C) sFR{Z)
\ C
< ¢ SET DATA FOR CURRENT NuCLIDE.
-~ e
=2 4 ELTIMI)SE
_ AW(RUC ) = A
_ TR{NUT) T
o TNEMINUCT RIM
. NCH | NUG) #HCH
NUCAKUC*],
@ GO 10 Y
12 B ¢
‘ C PRINT ERRDR MESSASES AND STOP
A ¢
2 ; g’ PRINT 500; !!C!h!!ﬂ!
o8 500 FORMAT(IMI,' DIAGNGSTIC 5: DECAY CMAING,14,' MAS IMPROFPER OFDER. €
. JURRENT MEMBER INDLX IS5%,14)
: STOP
08 FRINT 300, WUC
300 FORMATLINILY DIAGNOSTIC 6: IMPROCPER MUSEER OF NUTLIDES IK MASTER L
.IESR’M’!. mﬁ:"‘»l&)
STOP
99 FRINT 400
400 FORMAT(1HL,* DIAGNOSTIC 7: ERD OF FILE Oh MASTER LIPRARY UKIT 10Y)
o $TOR
c
// J C INPUT DATA FORMATS

9 2 |
N

f ¢
100 FORMATCAZ,A5,E10.2,12,2(12,F7.4})

/ 200 FORMAT(Z0A4)
Tt cC
kN c
: C
END

-% | 1,4-44
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RELEASE TERMS SOIL SCURCE  IRRIGATATIGH/ ARQUATIC DRINKING WATER ATM, RELEASE
NUCLIDE ORGAN SOLIBILITY CLASSES (PCI/Mr*3} {(PCI/L ) (PCI/L) {C1/YR}
0 60 I 0 0 0 o0 2.00E+10 0.00E+00 0.00E+00 0.00E+00

¥rmgxaameNTEFNANSENSPLEASE NOTE ANY SPECIAL CONSIDERATIONS IN THIS SPACEHREXArssesssnussasns i
[} ¥ )
[ ]
LR Ly R T Y Y e I Y T PRI T YY)

SCIL,AIR; AHD WATER CONCENTRATION SUMMARY FOR THE YEAR 10 !

RADIONUGLICE SURFACE SOIL DEEP SOIL AIR IRRIGATION  DRINKING WATER
PCI/MZ PCI/H3 PCI/M3 PCI/L PCI/L L
Co 60 0.00E+¢0 5.35E+09 0.00E+00 0.00E+00 0.00E+00 b
x
4
SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR 59
RADIONUCL IDE SURFACE SOIL DEEP SOIL AIR IRRIGATION  DRINKING WATER
PCI/MZ PCI/N3 ficI/M3 PCI/L PCI/L
0 60 0.00E+00 8.36E+06 0.00E+00 0.00E+00 0.COE+HD

SAMPLE PROBLEM ONE

MAXI, Yersion VAXZ.,Z 25-APR-B4 oxecuted on 3-MAY-84 at 07:38:10

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FARTOTAL BODY ;
EXPOSURE PATHWAY
INGESTTON INHALATION EXTERNAL MIUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM % REM 3 REM 5 REM b4 REM 3 |
€060 0.00E+00 0 0.60E+00 ¢ 3.9%6E-02 100 0.00E+00 0 0.00£+00 G
TOTALS INGESTION &% INHALATICH % EXTERNAL 4 AMWATIC FOOD % CRINKING WATER % TOTAL
0.00E+60 0 0.00E+00 0 3.96E-02 100 0.00E+00 0 0.00E+00 0 3.95E-02

Figure 3.4-2. Sample Problem One Qutput (Continued)
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APPENDIX 1.A COMPUTER CODE LISTING —~ MAXID

SUBROUTINE RLIBIN(TITLR)

THIS SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH CHAIN

DECAY DATA.

Module of MAXIL
Versior nf 25-APR-84

OQCOOOMNO0 G0

OO0 O

OO0 OO0 OO0

OO0 QO O

COMMON/RLIB/ELT(300) » AW(300) , TR(300} , NUC, NCH , NCHN{300) » NOFNUC( 200)

« e NCHST (2000, IFR(2,300) ,DKF(2,300) , IMEM{300)
DIMENSION TITLR(20),IT(2),FR(2)

CHARACTER AW¥6,A%6
INITIALIZE INDICES
IMO=0
NCH=0
NUC=1
READ TITLE CARD
READ{10,200,END=99) TITLR
KEAD AND COUNT NUCLIDE ID AND DECAY DATA.
1 READ(10,100,END=99) E,A, T, IM, IT(1),FR(1),IT(2),FR(2)
TEST FOR END OF L IBRARY
IF(IM.GT.0) GO TO 2
NUC=NUC-1
IF(NUC.GT.300) GO TO ¢8
IF(NUC.LT.1) GO TO 98
RETURN
TEST FOR NEW CHAIN, IM = 1
2 IF{IM.GT.1) GO TO 3
FIRST MEMBER, NEW CHAIN

HCH=NCH+1
NOFNUC(NCH) =1

1.A-43
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This interactive program will assist you 1n the creation
of scerarios for assessment of onsite disposal of low-
Tevel waste. Doses to man through the specified pathways
wiill be simulated by the computer program MAXI,

The following notes may be of interest:
When you have finished reading, press <return> <cr»

N Ve e VR VR T Ve T Ve T B W W
T W e VR MR e TR W B W YL N Wh

HETREER R RER AR R AR AR RGP ERR AR R TRV AR AR BR LGP R R RS AR UL ERERRADEL3E
L R a3 dd 3 3 P S E A A3 L S A S P S B S L F E R S T I P S E

1) If the default condition is selected, you nesd only
press <return>. YES-or-NO questions are destgnated by
{Y/N} and should be answered with a Y or N. The default
condition is always listed first.

2} The values you enter will be tested against reasonable
limits and if tney are not accepted you will be askad to
supply another value.

When you have finished reading, press <return> <cr>»

Ty Ve e W S Wy W S W TR Y S W
Te e W Ve U Y W Ve W W YR W Nk

FRUREEFEBRGERRIROERE IR RERERAER AR BERRS R AR U # AR BER R R EFERGEBORRRIBRRFLHY
dd i s dddd s i g i b d A S TR b P E S A S FE R

b
3

The following scenarios have been defined:

#
#
External exposure £
External exposure plus inhalation from resuspension #
Agricultural activities #
Use of well water for {rrigation and d.inking water #
User-created scenario #
#
#
#
#
#
#

[S -Vt
LI O B B |

To select a scenari{o or for additional information

#
#
#
#
#
#
#
#
#
#
# on a scenario enter 1, 2, 3, 4, or 5: 2 <cr>
#

#

FRERERARREERERRR AR TR PR ARG RRAR PR BB BRI RE R R G T AR PR BB R F RN AR

Figure 3.4-3. <fample Problem Two Interactive Session
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FPPERDIX 1.4 COMPUTER OODE LISTING - MAXI1

c - -
Cc
SUBROUTINE RDSUE (G, QI, QJ, NFLAG, QAPR, RIM)
c
Cc THIS ROUTINE INITIALTIZES SUBSEQUENT INVENTORIES GENERATED BY THE
c BICPORT COMPUTER. THE RADIONUCLIDES AND THEIR ORDER ™MUST BE
c THE SAME AS INPUT FOR THE FIRST EXECUTION. IT IS ALSO NECESSARY THAT
Cc RADIONUCLIDES BE ARRANGED IN CHAINS AS THEY APPEAR IN RMDLIB.
Cc THIS IS TRANSPARENT TO THE BIOPORT USER, BUT MUST BE CAREFULLY
C CONSIDERED IF THIS ROUTINE IS ADAPTED TO OTHER USES. USER BEWARE!
C .
c’ THIS ROUTINE ELIMINATES REREADING CF THE DOSE FACTOR LIBRARIES
" TO REDUCE EXECUTION TIME.
C
(¥ Module of MAXIL
C Version of 25~APR=-84 RAP
c
G
c
COMMON /DATA}/ ELTO(50),AW0(50) , IOFNUC(SEC) ,NONUC,DK(2,50) ,
« TFRM(Z,50),AL{50),AM(50),S0ILCN{S0) , ICHN, AMI{50) ,AMI(50),
. IFOD, IARG, IWAT: RIRRIRPF, XMLF,DILF, M0, DEN, IEXT
c
DIMENSION Q{50}), QAPR(S0), QI{(50), QJ(50), NFLAG{300}
CHARACTER®E AWG
c
CALL ZERCR (50, AM)
CALL ZEROR (50,Q0APR)
CALL ZEROR (50,AMI)
CALL ZEROR (50,,M)}
C
c SET INPUT INVENTORY INTO CORRESPONDING CHAIN POSITION:
C .
DO 100 IL = 1, NOMUC
c
¢ IF (NFLAG(IL) .GT. 0} THEN
IN = L
AM{IL) = Q(IN) * RIM
QAPR(ILY = Q(IN)
AMICIL)Y = QI{IN)
AMI(IL) = QI{IN)
Cc ENDIF
C
100 CONTINUE
Cc
Ri. TURN
c
C —
END

1.A-42
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SCENARIO 2: External Exposura plus Inhalation from Resuspension

This scenario assumes surface contamination results over a
Timited area. The scenaric defaults to 2000 h/yr exposure

to surface contamination and fnhalation.
resuspension model is used. User may define the fraction

of soil in the top 15 cm containing buried waste (defaults

to 0.2).

The Anspaugh

Scenario 2 15 now selscted. Do you wish to change

this selection (N/Y)}: <cy>

4wk Bl et

T W W W Ve W VR Tk T Ta Wy W R

FEAELEERER SRR OB RRRERIRHEINBRRRE AR RTBHERRERIB AR RRR BB R RARR 1 B FR AR SR R

TSI I3 P E i P E s R P S s Pl P A A S A e T A A

Th Ve W Ve TR Y YR TR VR Ve TR R e

Enter a gescriptive title to identify this case:

SAMPLE PROBLEM TWO <cr>

e Ve U YR OTRE TN VR TR TR Sh e TR W

FERRERRRRRERAREERERANEFRRARERSEIRRRER A AR AL HEFRFEREREAFCFAF AR RO REFRERRREH
BREEBAREREURRERREBPRRRFRERERBIERBAAEHAFENERTEAREITHTHEBERERRFHER SRR REEHRHE T

#

#
#
#
#
#
#
#
#
#
#
#
#
#

This scenario begins 1 years after the waste is

disposed.

Do ycu wish to change this value (N/Y)1 Y <cr>

Enter new value: 10 <cr>

This scenarioc will end 59 years after the waste is

disposed. OK? (Y/N) <cy>

Figure 3.4-3. Sample Problem Two Interactive Session {Continued)

EE bt e v e ek 2 s e e e et e cen S
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#
#
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#
#
#
#
#
#
#
#
#
#
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FPPENDIX 1.A CRPUTER CODE LISTING - MAXIL

IBX=IB0X-2
TF(IBX.GT.20)IBX=20
DG 16 I=1,IBX
WRITE(G,15)
15 FORMAT(20X,1#1,00:, V¥t)
16 CONTINUE
WRITE(&,17)
17 FORMAT(20X,92(1#1))
c
201 CONTINUE
20 RETURN
c
C

END

1.A-41
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# #
# Three types of printer reports are available: #
# #
# 0= Tables of maximum annual dose per organ with radionuclide and #
¥ pathway contribution #
4 1- Table above plus annual dosas by organ and total #
# 2~ Table above plus annual doses by organ, pathway and radionuclide#
# #
# The current selection is: 0 #
# #
§ - — e e e e -——
# Do you wish to change this value (N/Y)? <cr> #
# #

FRETRRRRERFRBABYF LS RERRAERAHP AR RERERAREFOREAERARBRFERARRENARRRRRAE NG RERR LA
BEBABURFEERBFEBRRARRBHEGECHREBRRRERTRRR NI R BRI FHARA BB URERARRGERAARAARTA TS

# #
# #
# P e e -t e = ) #
# Do you wish to modify any parameter values for #
# Scenarfo 2 (N/Y} 7 Y <cr> #
# #
# #
# #
¥ ==:—"========E===================‘-========‘:=.."-“_'-:‘-'-'========================= #
# Do you wish to review or change ext. exposure parameters (N/Y) Y <cr> #
# #
# #
# #

EREFRESRGEEBBEHERERFERRERHREORIRTRGAFHEIREEURRREBRRRFGHNIHRRRRBRHERAEHRAREN A
PET LT e e st a s s e m it id st iastadadiddadsdadiiatididdizaadsdd

# #
# Did you use MAXI2 to generate a special external exposure #
# dose rate factor file for this scenario? (default=0} #
# #
# 0 - no #
# 1 - yes #
# #
# #
I #
# #
# Do you wish to change this value (N/Y)? <cr> #
# #
# #
FRRABRERRBRRER BRI RRERRIRREF R RS ERERIRBRUBRRBERE R RRERRBAGHERERRCALRAARIE

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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APPEIDIX 1.A CCMPUTER CODE LISTING - MAXIL

WRITE(6,9) (ONAME (KORG(I}), I=1,NORG)

9 FORMAT(Y t,/
+5X, TORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS?,
.V SCLUBILITIES GIVEN BELOW):',//,10X,5{10X,AL0))

c
C SIGN-OFF
WRITE(6,10)

10 FORMAT(//,20X, YINPUT PREPARED BY',25X, YDATE!,/,37X,25(1=1),4X,
10(¥=1),//,20X, VINPUT CHECKED BY',28X,"DATE',/,37X,25(1=1},4%,
L10(f="))

C RELEASES
C
D = Rt
IDL = INT(DILF)
IF (IDL .EQ. 1) ID = 'L
c
FM3MZ=tMx%2)1
IF (M3M2.EQ.1) FM3M2=tii*x3) ¢
IF{M3M2.EQ.2)FM3MZ2='KG }?*
C
200 CONTINLE
c

IF (IBIO .GT. 0) THEN
WRITE (6,1011) IBYR
1011  FORMAT ('l INVENTORY FOR YEAR ',I5,' OF BIOPORT SIMULATION.')
ELSE
WRITE (6.1012)
1012  FORMAT ('1m)

ENDIF
c
WRITE(6,11)FM3M2, ID
11 FORMAT(1H ,5X,'RELEASE TERMS *',Th6,tSOIL SQURCE',T70,'IRRIGAT!,
« YATION/AQUATIC', T9Z, *DRINKING WATER?Y, TL10,*ATM. RELEASE',/,
«10X, 'NUCLIDE' 10X, "ORGAN SOLUBILITY CLASSES',5X, ' (PCI/1,A5,10X,
HPCI/ ", A2, 1) 59X, Y (PCL/L) *,10X, *(CI/YR),/)
c
D0 13 I=1,NONUC
WRITE(6,12)ELTOCI) JAWO(I) ,{NTR{J,I},3=2,5) ,QAPR{I),AMI{I),AMI(I)
« 2 AMLAT)
12 FORMAT(10X,A2,1X,A6,8X,514,4(8X,1PE10.2E2})
13 CONTINUE
c
C NOTE BOX

IF (NEXT .EQ. 5) GOTO 201
IBOX=50~-NONUC
IF(IBOX.LT,.61G0 TO 20
WRITE(651 4}

14 FORMAT(/,20X,20( %%}, 'PLEASE NOTE ANY SPECIAL CONSIDERATIONS INt,
«1 THIS SPACEY,20('#1})

1.A-40
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The number of hours of exposure to external contamination
per year is 2.000E+03 (range = 0.0 to 8766.)

e

Do you wish to change this value (H/Y)? Y <cr»

Enter new valus: 3000 <cr>

W S W e TR TR TV R W TR R Ve W
T T S VA R R YR T S TR Wk e B

FERFRERERERRERRE AR RARIE R UERARENRRERRRERBRREERILBARRRRRER BT R R AR #E
il g S b S S S S S R S S F R PR I SIS R T EI ST T S g T E

Do you wish to review or change inhalation parameters (N/Y} Y <er>

e W W VR WA W Ya TR T R WA Ve e
e e o W R T W SR W Yy Y W O

LRSS I 8 R PR FE S T 33 s T F S R F A S AR F PR R AL T S PSR S S
i e P P L A S L e S T P S S P SR F S AP IS S S T S F ]

# #
# #
# The number of hours of inhalation of contamination #
# per year is 2,016E+03 (range = 0.0 to 8766.) #
# #
# #
# - #
# #
# Do you wish to change this value {N/Y)? Y <cr> #
# #
# Enter new value: 3000 <cr> #
# #
¥ #
FRERERERERRER R R R E AR TR AR R R AR LR R B R F SRR AR TR H AR SR ARG B #

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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FPPEMDIX 1.A COFUTER CODE LISTING - MAXIL

KRITE (6,1065)} RPF1
1065 FORMAT (15X, *RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL 1,
-1TO SUBSURFACE SCIL®. 1PE1Q.2E2)
c
IF (XF2Z .GT. 0.0) WRITE (€,1070) XF2
1070 FORMAT (15X, 'NUMBER OF HOURS OF EXPOSURE TO EXTERNAL ¢,
. CONTAMINATION', IPE10.2E2)
IF (XF2 .EQ. 0.0) WKRITE (6.1075) XFACT
1075 FORMAT (15X, YXFACT MODIFICATION: *,1PELQ.2E2)
IF (I22 .EQ. 0) WRITE (66,1080
1080 FORMAT(15X, 'SURFACE DEPOSITS DRFS FROM ISOSHLD; *
«+ "MODIFL{CATION FACTOR: 5.B44E-11")
c
100 CONTINUE
c
C AIR PATH PARAMETERS
c
IF (FLAG23 .EQ. 'OFF') GO TO 101
c
WRITE {6,10%0)
1090 FORMAT (10',4X, *INHALATION PARAMETERS USED: ™)
c
RIN = RINH * 8766.
WRITE (6,1095) RINH,RIN
1095 FORMAT (15X, 'MODIFICATION FACTOR , RINH:', 1PE1D.2EZ,
/207, " (EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR !',0PF6.0,

<V HR/YRI Y
c
TINHL=" ANSPAUGH
IF{AGE.L7T.0.2)TINHL="MASS LOADING!'
WRITE(6,6) TINHL
6 FORMAT(15X, 'RESUSPENSION MODEL USED FOR CALCULATING AIR *,
- 'CONCENTRATION: *,Al12)
c
AVYCM = XDPT ¥ 15.0
c
IF(AGE.GE.0.0)WRITE(6,7)AGE, AVCM
7 FORMAT(15X,YAVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO:',
+IPE10G.2E2, ' YEARS',/,15X,'TOP ',0PF4.1,' CM OF THE 1,
. 'CONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.T,
.1PELO0.2E2//}
C -

IF(AGE.LT.0.0)WRITE(6,8}DEN, XMLF
8 FORMAT(15X,*SOIL DENSITY, G/M*#3:7,1PEIQ.2E2,/,15%,
."MASS LOADING FACTOR, G/M¥¥3:t,1PE10.2E2,//)
101 CONTINUE
c
C ORGANS
c
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PRETGRESEURRILENR OB QTR AT E DR E S SE PR B RS HRER P R ORI L LR L E SRR EBERRFIREINR
Two resuspension models are avaflable:

1 - Anspaugh
2 - Mass Loading

The selected model 1s 1

Do you wish to change this value (N/Y)? <cr>

S S Ve T W WL Bh R YR W TR Ve W
B VR YR W W W R W TR Sk Y TR W

HEBRERBRERRRE RS RR R SRR AR SR BB RO RH TN A AR SRR ERH AT RARFH B R N AR Y
RERFEARHRRERRERRE R RRRREAREFRE R AR T AR RIRR IR BT E R RARER IR BB AR AR H R RBEBE
The number of years that contamination existed

on the surface at the start of the scenaric 1is
0.C00E+00 years. {range = 0.0 to 25.0)

Bo you wish to change this value (N/Y}? <cr>

e W S WA Y S W M W TR TR Ye Wy
T S W W VR TR TR AR VR VYA Ya T

BREGERARBEGHBDRERIRFRORERS AR R AR AR A BERETRERAFE BRI ERRERERERBIREB BB R ERBRE
bR SRS SR T T S S A A SR S A e S P b Fa dd p P S R E A

# #
# #
¥ The top 1.0 cm. of the contaminated surface soil #
# layer is available for resuspension ({(range = 0.0 to 15.0) ¥
# #
# #
# —f
# #
# Do you wish to change this value (N/Y)? <cr> #
# #
# #
¥ #
# #
CEe S d a3 3 S Sa I S P IR E S St FEd PR s b b s R A AT R A S A T

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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APFERDIX 1.A COMPUTER OODE LISTING « MAXIL
IF{IFODRELOIFLAGZO="0N 1
IF(RINH.NE,0.0)FLAGZ3='ON !
IF(IARG.NE.O}FLAGZ4=T0ON !
JFCIWAT.RE.QIFLAG25=ON ¥
IF(IEXT.NE Q) FLAGZ7="0ON ¥
IF(XFACT.NE.Q.O)FLAG22=1CN
IFCIAIR.EQLLIFLAGZB="0N !
IF{INTRUD.NE.O) FINTRD=1USED '
IF(IDKWAT.NE. O FDK=TPERFORMED '
IF(IOKATRLEQ.L )Y FDJ =t PERFORMED '

WRITE(6.4)}FLAG20,FLAG23, FLAG24,SROY., FLAG25,FDK, FLAG28,FDI,

JFLAGZ7,YQSITE, FLAGZ2,FINTRD

4 FORMAT(SX, TPATHWAYS INITIALIZED FOR DOSE CALCULATIONS:!,T65,
LYSPECIAL PARAMETERS INITIALIZED:,/,15X,?FARM PRODUCT INGESTION:®,
LT51.A3,/.15%, tL'HALATION OF RESUSPENDED MATERIAL:t,A3./
+ 215X, VAQUATIC FOODS INGESTION:'.TS1, A3,
.T70, Y INVENTORY DILUTION FACTOR:',1PEY.2E2./,
L15%X, 'CRINKING WATER INGESTION:!,T51,A3, T?O,'DECAY OF RIVER 1,

. YRELEASE SOURCE TERM *,Al3./.

.15X, YCONTINUING ATMOSPHERIC DEPUSITION
.TAIR RELEASE SOURCE TERM Y,Al3.,/,
J15%s YEXTERNAL FROM BURIED WASTES
LTT0,S1ITE X/Q: Y. 1PES.ZEZ,/

L15%, YEXTERNAL FROM SURFACE DEPOSITS:',T151,A3,T70.

.YSPECTAL IMHALATION MODEL ',AB3)

'A3,T70.'DECAY OF ',
Yy T51,A3,

IF (ION .GT. 0) WRITE (6,1055) FRSIZ,AREAIN,AREAFX

1055 FORMAT(Y70,'SIZE OF THE SITE:',F9.5," FRACTIONAL HECTARES'/,

.T70, VINTERNAL PATHWAY AREA CORRECTION FACTOR:*,1PES,ZE2/
JT70, VEXTERNAL PATHWAY AREA CORRECTION FACTOR:',1PE9.2E2)

C FARM PRODUCT PARAMETERS

c

c

WRITE(6,5)RFL,RIRR.RF2, IMO,RPF2,DILF, IRR
5 FORMAT{'0',4X, 'FARM PRODUCT FARAMETERS USED:'»/.
.15%, *FRACTION CF ROOTS IN UPPER SGIL:',O0PE10.2E2,
.T65, VIRRIGATION RATE:',1PELQ.2EZ, *L/M*®2/MOY,/
.15%, tFRACTION OF ROOTS IN BURIED WASTE',OPES.Z2EZ,
. T65, THONTHS PER YEAR IRRIGATED:',I5.,/
.15%, Y*FRACTION OF TOTAL DIET GROWN ON SITE:',1PE10.2E2,
.T65, *RIVER DILUTION FACTOR:*,1PEIC.ZE2,'YR/LY,/S
.T65, YYEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO!,/
.T70,*THE DOSE CALCULATIONS:',I5)

C EXTERNAL PATH PARAMTERS

IF (FLAG22.EQ.'OFF' .AND. FLAG27 .EQ. 'OFF') GO TO 100
WRITE (6,1060)

1060 FORMAT (10',4X, "EXTERNAL EXPOSURE PARAMETERS USED: ')
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) # Do you wish to review or change organ pavameters (N/Y) <cr> ¥
- # #
. £ £
¥ #

_ ? &
= # ¥

] #

# ¥
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-3 ¢

# The size of the site in terms of fractional hectares ¥

w0 # {fe., 10000 sq m), is 1.00 . #

4 # -4

‘5? # Do you wish to change this value (N/Y}? <cr> #

- - 7 #
= # The {nventory will automatically be adjusted by the #
# appropriate area correction factor for each exposure g

o £ pathway based on a2 site size of 1.00 hectareas. #
_—‘—m > ; L SN LR I R N IR R AR I N e S R R T N N N N N NN SN E A O D e S SR BN o S S §
1!1.. # Do you wish to review or change  the above parameters (N/Y) <er> #
.. & #

- PEERRERRE RIS ECH NS NF NSRRI AR EEFH B AR RN F BN AP UL LSRR EG R 2E
o ) EREL ORI B R R E R SR T PRGN BRI RERECAFF B FERCECLELARER BR8N SR RRFFH
# §

S f J The surface/buried inventory may be entered as: i
# 1 - pCi i

# 2 - uCt ¥

™N # 3 - mCi x

} | 4 - (i ¥

C"),. £ #
# The currect celection is: 1 4

# - &

™ # Do you %ish to change this value {N/Y)}? Y <cr> #

.3 #

¥ Enter rew value: 4 <cr> #

# #
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Figure 3.4-3. Sample Problem Twe Interactive Session (Continued)
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AFFEIDEX 1.A COMPUTER CODE LISTING - MAXIL
c CALL IDLINE
WRITE(6,18)
18 FORMAT(25X,80(t-"),/)
c
C LIRRARIES USED
c
WRITE(6,1000TITLR
1000 FORMAT(5X, TRADIONUCLIDE CHAIN LIBRARY USED: ',4X,20A4,/,5%,
- "DOSE FACTOR FILES USED FOR THIS CASE:*)
c
IF (IFOD .GT. 0} WRITE (6,1001) TIT20, TIT2]
1001 FORMAT(15X,'¥20 FOOD-LEAF:?,
«13X,13A4,/,15%,1¥21  FOOD-SGIL:7,13X,15A4)
c
IF (XFACT .NE., 0.) WRITE ¢6,1002) TIT22
1002 FURMAT (15X, t*22 SHALLOW EXTERNAL:',6X%,15A4)
¢
IF (RINH .GT. 0.0) WRITE (4.,1003) TITLDI
1003 FORMAT (15X,'*¥23 DACRIN~INHALATION:',5X,15A4)
C -
IF (IARG .GT. 0) WRITE (6.1004) TIT24
1004 FORMAT (15X,'*24 ARRRG-FISH:',12X,15A4)
c
IF (IWAT .GT. 0) WRITE (6,1005) TIT2H
1005 FORMAT (15X,'#25 ARRRG-DRINK H20: ¥,5X,15A4)
¢
TF(IEXT.GT.0) WRITE(6.,3) TIT27
3 FORMAT(15X,'#27 ISOSHLD EXTERNAL: *,15A4)
c
IF (IBIO .GT. 0) WRITE (6,1006) TITLIN
1006 FORMAT (/.,15X, 'BIOPCRT INVENTORY FROM: ',/
. 30X,20A4,/,30%,20A4)
c
WRITE(6,21)IT1,172
21 FORMAT(/,5X,'DOSES CALCULATED FROM',I5.' TOt,I5,
- YEARS FOLLOWING TIME ZERO',/)
c
C PATHWAYS AND PARAMETERS USED
C
FLAG20=1QFF!
FLAG22=*OFF*
FLAG23='0FF!
FLAGZ4='0FF*
FLAGZ5="'0FF!
FLAGZ7="'0FF!
FLAG28=t0FF!
FOK='NOT PERFORMED®
FDJ='*NOT PERFORMED?
FINTRD='NOT USFD!
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Thae contamination deposited on the site at start of
calculation may be enptered in the following units:

The current selection is:

0 -
I -
2 -

C{ /square meter
Ci /cubic meter
Ci /7Kg of sotil

1

Do you wish to change this vaiue (N/Y)}?7 <cr>
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Tha surface/buried inventory dilution factor is: 0.20

{range = 0.0 to l1.0E+20}

Do you wish to change this value {N/Y)? <cr>
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Do you wish to review or change any of the above paramaters (N/Y) <cr>
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Do you wish to review and/or change solubility classification

for each corgan for each radionuclide,

The default assump=

tion is eTements are insoluble for lung and soluble for ail

other organs. (N/Y) <cr»

Figqure 3.4-3.
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APFENDIX 1.A COMPUTER CODE LISTING ~ MAXIL

OO0

SUBROUTINE QAPAGE(RF1,RF2, INTRUD, IDKWAT, XFACT, IRR, RINH, XDPT, AGE,
-M3M2, KORG,NORG,NTR, TITLR, TITLDI, QAPR,RPF1,RPF2, ISUR, 122,
+XF2, SRDIL, IBIO, IBYR, TITLIN, NEXT, FRSIz, AREAIN, AREAEX, ION)

This subroutins prints a report of input parameter vailues.

Module of MAXI1
Yersion of 25~-APR-84 RAP

O 00000000

COMMON/ THIRDS/ QK (50) , AML (50} , XQSITE, IAIR, IDKAIR, IBLOW

COMMON/TITLS/TIT20(13),TIT21(13),TIT22(13),TIT24(13),
LTIT25(13), TIT27(13)

COMMON/DATAL/ELTO(50) , AWO(50) , IOFHUC(50) ,NONUC,0K(2,50) »
+IFRM(2,50), AL(50) , AM(50) ,SOILCN(50) , ICHN, AMI{50) , AMI(50),
- IF0D, IARG, IWAT,RIRR, RPF, XMLF, DILF, IMO, DEN, IEXT

COMMON/ JUNK/DDTT, IT1,1T2, TITLEL (20}, TODAY, CLOCK
DIMENSION KORG{5),NTR(5,50),TITLR(20},TITLDI(15), TITLIN(40)

CHARACTER DDTT#9,FDK¥13,FINTRD*8, TINHL*¥12, ONAME*10, FM3M2*5
CHARACTER FDJ*13

CHARACTER AWO®6

CHARACTER*10 TODAY, CLOCK

DIMENSION ONAME(23),QAPR(50}

DATA (ONAME(I),I=1,23)/'TOTAL BODY','BODY WATER', 'KIDNEYS',
«'LIVERY, *SPLEEN', 'BONEY, TFATY, 'LUNGS?’, YADRENALS!, ' TESTES',

« 'OVARIES?, ' SKIN', 'BRAIN', 'MUSCLE", "PROSTATE!, ' THYROID' , "PANCREAS' »
+THEART?, 'GI', *STOMACH!, 1SMALL INT', 'GI-ULIT, 'GI~-LLIt/

IF THIS IS A SUBSEQUENT BIOPORT RUN, SKIP DOWN TO INVENTORY
IF {NEXT ,EQ. 5) GOTO 200

WRITE(6,19)
1% FORMAT(1HL)

WRITE(6,1} TQDAY, CLOCK, TITLEL
1 FORMAT(T27, 'MANI ~ Maximum Annual Dose Calculation Version LS
JMWAXZ.2 25-APR-84',/,
.T45.'Executed on ',A1N,7 at 'tAlOa'-'/J
«T27,"Case title:',20A4,/)
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£ £
» ¢ #
# The following questions pertatn to the radionuclide #
e # inventory. After fnputting the inventory, enter 4
! # "96Y for elewent name to signal to the program that £
. F you are finished. ¥
. # #
# f
- .:_ # PRl O T M e s T IR T T S S e s S R AR T SR s T N T R E R E RS I SR T eSS f
# #
" # Press <return> when you have finished reading: <cr> #
e ¥ #
' 4 #
BIRFR GRS R RN d R IR RO F G RAN O SRS LS ERDERIGEERERCRESRLESBERR RS ERRE LR
/ﬂ,,J FEREERERERR LG AN F R SRR RS ER ST RS R8I RS FORER LR RREREEREFREFGRRRFREBFELNS
- # #
R # #
G # R R T N N N N N N N N N I I N R T S R N N R E S L I S N N N N ST E R oY ’
# Enter new 2Zvcharacter element (99=finished): CO.<cr» ¥
L) # -
o #  Atomfc number input can be up to 6 charactsrs Tong. F
Ko # Include metastable (M) and daughter (+D) destgnation, (i.e., TELZ7TMiD) #
) # #
s # Enter atonic number: 60 <cr> ¥
_— 7 7
& # Enter the quantity of CO60 deposited on the site at start of ¥
\\“\,_ # calculation (units: C1 /cubic meter } oo .1 <er> £
. # #
‘ b SR B S PP SRR LA EF S S r T E 3 SR T FFE IS S PEN S F L F S L P+ F i

iy
: BRER RN BT NIRRT R LU AR RSB R R P R R R RS LRSI SRS HTHTSRE
o™ # ¥
# Enter new 2~character element (9%=finishad): SR <cm> #
-3 F #
T # Atomic number input can be up to § characters long. ¥
™ # Include metastable (M) zrd daughter (+D} desigmation, (f.e., TFL27M+D) #
. | # Enter atomic number: 904f} <cr> £
O~ # #
LR ¥ Enter the quantity of SR90+0 deposited on the site at start of #
- £ calculation (units: Ct fcubic meter Y 01 <er> £
~ - # F
’ =zzs==ntr.":.=====:=:===:====L‘=======az:::;r::zk:::au::::znn::z:ﬂ:a::::r:::zut: ‘
# Enter new Z-character element (9%9=finished}: 99 <cr> £
. ¥ #
LS F i S S T P S A S P P F R S AT F T TS S PP F A S F A S P PR R YT

Figure 3.4-3. Sample Problem Two Interactive Session (Contfnued)
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SUSROUTINE PNTO (SOILCH, AIRCON, INUC, NQHUC, JTIME . ELTO, AND, AMT, AM),
AMT)

THIS SUBRCUTINE IS USED TO PRIKT THE RESULTING TIME DEPENDENT
SOIL, AIR, IRRIGATION WATER., AND DRINKING WATER CUNCERTRATIONS

Module of HAXI!
Verston of 25«APR-84 RAP

SO00000000

DIMENSION AIRCON(S0),SOILCH(SD) ,ELTO(S0), ARD(SD)
DIMENSION ASICS0),AMI(S0) (AMT(SO)
CHARACTER*S AXQ

IF (ROWUC.GT.20 .OR. JTIME .EQ. I} THEN
WRITE (6,51)

ELSE
HRITE (6.,52)

ENDIF

WRITE (6,50) JTINE
IFCINUC. NE.NCKUC) GQ TO 200

8O 100 JHUC=L,NCHUC
AMTLIMUC)Y sAMTLINUCYH/ .15
KRITE (6,60) ELTC{IRUC) . AHO(INUCY , SOTUONCIRUCY , AMTLINUR) »
SAIRCOHIIRUCY » AMTOINUC) , ARI(INUC)
AMTOINUCI = AMT(INUCI .15

100 CONTINUE

C

RETURN

200 WRITE (6.70)

c

50 FORMAT(IN .30X,*SCIL,AIR, AND WAYER CONCENTRATION SUMMARY®,
<t FOR THE YEAR',I6.//.10%, *"RADIOMUCLIDEY,SX, *SURFACE SOIL®,
-5x. 'OEEP SOIL',.8X, TAIRY,9X, ' IRRIGATION',4X,
+'ORINKING WATER®,/,31X, 'PCI/H27,6X, 'PCI/M3,10%,
SYPCI/M3 Y, 0K, *PCI/L Y, 11X, TPCI/LY, /)

51 FORMAT (1K1}

52 FORMAT (///1)

60 FORMAT(I3X,AZ,1X, A6,.3X,5(5X,1PELL,.2E2))

70 FORMAT(///,3%,'DIAGNOSTIC 14: TEST, INUC.NE.NOMUCSEND -~ 1,
« "FRCH PNTO*)

S5ToP

END
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g #
¢ Surfaco/Buried Drinking #
¥ Ci Irrigation Water #
A Radionuclide /cubic meter Gi ci /1 #
# - £
# Co60 g.190 0.00E+00 0.00E+00 £
# SR90+D 1.00E~-02 0.00E+00 0.0CE+DN #
# #
i I NG AR N N I N L N N R N S S N R T R R N R S N L R R R R RS T AR RSB E R RS UR D ﬁ
# Do you wish to review or change the above parameters (N/Y} <cr> #
# Do you wish to add radionucliides to the above inventory? <cr> ¥
[Pt P L S St A L A R s T dd St s S S T P d S a i S 3 3 3.4

{The above interactive session ganerates the following file.)

account-name, STMFZ ,CM160G00,ECA00,TLT77.
ACCOUNT s account-name,problem~number,problem-number.
ATTACH, TAPE20,FILEZ20, ID=ZZRNRC.
ATTACH, TAPE21,FILEZY , ID=ZZRNRC.
ATTACH, TAPE24,FILE24, ID=ZZRNRC.
ATTACH, TAPE25,FILEZS, ID=ZZRKRC.
ATTACH, TAPE22, PLANSOURGC, ID=ZZRNRC.
ATTACH, TAPEZ27,YOLSOURC, ID=ZZRNRC.
ATTACH, TAPEL1O,RMDLIRB, ID=ZZRNRC.
ATTACH, TAPEZ3,FILEZ3, ID=ZZRNRC.
ATTACH, ABS.MAXILARS, ID=ZZRNRC,
COPY, ABS,LGO.
RETURN, ABS.
MAP,OFF.
LDSET,PRESET=ZERQ.
LGO,
{eor }
SAMPLE PROBLEM TwO
SINPUT NEXT=l,
IFOD=(, IARG=N, IWAT=0, IEXT=1, ISUR=0, IAIR=0, RPFl= 0., RPF2=1.00,
AGE= 0., XDPT=,670E~01,RINH=,342231, DILF=1.00, XFZ=_.300E+04,
M3M2= 1, INTRUD=Q, I122=0,
ITl= 10, IT2= 59, NORG= 5, KORG{1}= 1, 6, 8,16,23,
SRDIL= .200 s FRSIZ= 1.00 +» AREAIN= 1.00 »
AREAEX= 1.00 +» T0UT= 0, ION=1, $END

2 0
Co60 11311 1.00E+11 O. 0. 0.
SR9O+D 11311 1.Q00E+10 C. 0. 0.
{eor 1}
{sof 1}

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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APPEMDIX 1.A DOMPUTER CODE LISTING -~ MAXIL

r ; ARDOS (ITTIM+N, TNUC, IORG)Y =ARDOS (I TTIHMeN, INUC, IORG)
. +ARGF (ITTIM, INUC, ICRG) *AMK{INUC)

DWDOS{ITTIMN, INUC, TORG) =DWDOS(ITTIMHN, INUC, IORG)
” . +ARDW(ITTIM, INUC, I0RG) *AMJ { INUC)
- c
400 CONTINUE
300 CONTINUE
250 CONTINUE
200 CONTINUE

CALL SOILCN, AIRCON PRINTOUT~-
IF (JTIME .NE. IT2) GOTO 8878
DO 8879 IRAP = 1, 50
PRINT B877, {DADOS{IRAP, INU,3) , INl=1,NONUC)
8877 FORMAT(* DADOS: *,3E1G.3)
8879  CONTINUE
8878 CONTINUE

OOUOOOCO0

IFCJTIME.EQ.ITL.OR.JTIME.EQ. IT2)

50 CONTINUE
RETURN

LCALL PNTO(SOILCH,AIRCON, INUC,NONUCSJ TIWE  ELTO, AWD, AMK, AMI, AMT)

aoQao O O

END
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MAXI = Maxfmum Annual Dose Calculation Yersion ¥YAX2.2 25-APR-84
Exccuted on  3-MAY-84 gt 07:40:56

4
-

81.0% 2 =

RADIONUCLIDE CHAIN L IBRARY USED;

DOSE FACTOR FILES USED FOR THIS CASE:
*¥23 DACRIN-INHALATION: ‘
%77 IS0SHLD EXTERNAL: ONSITE/GIOPORT VOLUME SOURCE SURFACE EXTERNAL ERFS

DOSES CALCULATED FROM 10 TO 58 YEARS FOLLOWING TIME ZERO
PATHKAYS INITIALIZED FOR DOSE CALCULATIONS:

RAGIONUCLICE MASTCR DATA LIDRARY /w TRASLOCATION (LASSES, €-APR-84
DOS! DOSE INCREMENT FILE ONSITE/BIQPGRT ENY. 15-APR-E4 RAP

SPECIAL PARAMETERS INITIM IZED:

£|

RAP

FARM PRODUCT INGESTION: OFF

INHALATION OF RESUSPENDED MATERIAL :ON

AQUATIC FOODS IRGESTION: QOFF INVENTORY DILUTION FACTOR: 2.00E-01

DRINKING WATER INZESTION: OFF DECAY OF RIYER RELEASE SQURCE TERM MOT PERFORMED
CONTINUING ATMOSPHERIC DEPQSITION OFF PECAY OF AIR RELEASE SUURCE TERM NOT PERFORMED
EXTERNAL FROM BURITD WASTES CH SITE ¥/G: 0.00L£+00

EXTERKAL FROM SURFACE PEPQOSITS: OFF

SPECTAL INHALATION MOOEL NOT USED

SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES
INTERNAL PATHHWAY AREA CORRECTION FACTOR: 1.00E+Q0

FARM PRODUCT PARAME TERS USED:
FRACTION OF RGOTS IN UPPER SOIL: 0.10E+01
FRACTION OF RQOTS IR BURIED WASTE 0.COE+HO

FRACTION OF TOYAL DJET GROWM ON SITE: 1.00E400 RIYER CILUTION FACTOR:

IRRIGATION RATE: 0.Q0E+D0L/M*?2/MO
MONTHS PER YEAR IRRIGATED:
1.00E+COTR/L

EXTERKAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00

YEARS OF JRRIGATION RITH CONTAMINATED WATER PRIOR TO

THE DOSE CALCULATIONS:
EXTERNAL EXPOSURE PARAMETERS USED:
RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL- TO SUBSURFACE SOIL |.OCE+GD
NUMEER GF HOURS OF EXPOSURE TO EXTERNMAL CONTAMINATION 3.00E+03
SURFACE DEPOSTTS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5.844E-11

INHALATION PARAIMCYERS USED:
MODIFICATION FACTOR , RINH: 3.42E-01
(EQUIVALENT 70 BREATHING RATE OF 230 CC/SEC FOR 3000, HR/YR)
RESUSPENSION MOUEL USED FOR CALCULATING AIR CONCENTRATION: ANSPAUGH
AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO: 0.00E+00Q YEARS
ToP 1.0 CM OF THE CONTAMINATED SURFACE LAYER IS AVAILABLE FUR RESUSPENSION,

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS SOLUBILITIES GIVEN BELOW):
TGTAL BODY BONE LUNGS THYROID

Figure 3.4-4, Sample Problem Two Output
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FFPEIDIX 1.A COMUTER OODE LISTING - HAXIL
N0 290 JNUC=1,]

O

IRUC=INUC+]
IFUITIMELLT.ITL) GO TO 290
c
C CALCULATE AIR CONCENTRATIONS
c
ATRCON( INUCY =SOTLON(INUC) *AIRFAT I TIME) +AMMIINUC)
c
C CALCULATE EXTERNAL TOTAL BODY DOSES
c.
EXDOSCITIME, INGCY=DEXT(TNUC) *SOILIN(INUCY ¥XFACT*AREAEX
. +UEDXT(INUC) *AMT (IRUCI *5 . BA4E-Y 1 ¥XF 2/ 8766 . #*AREAEX

WHERE 5.B44E-11=(HR/YH*REM/MREM*CI/PCI)/0.15

CALCULATE EXTERNAL DOSE SUMMED OVER ALL NUCLIDES AND DAUGHTERS
AEXDOS(ITIME) =AEXDOS(ITIME) +EXDOS(ITIME, INUC)
CALCULATE INTERNAL PATHWAY DOSES

[sReRe] OOoO0O00

DO 300 IORG=1,NCRG
M=50~N
DO 400 ITTIM=1,M

IR = ITTIM#N
FDOSCITTIMEN, INUC, IORG) =FDOSCITTIM+N, INUC, IORG) +DFDOS(ITTIM, INUC
« » IO0RG) #SOILCN{ INUC) *RF 1 #RPF 2Z¥AREAIN
«+DFDOS(ITTIM, INUC, IORG) *AMT(INUC) *RFZ¥RPF2*¥AREAIN

FADOSCITTIM+N, INUC, IORG) =FADOS(ITTIMN, INUC, IORGY +AIDOS (ITTIM, INUC
- » I0RG)Y *ATRCON( INUC) *RPF Z¥ AREAIN

IRRIGATION LEAF DEPOSITION, AIR DEPOSITION VELOCITY IS ASSUMED
TO BE 1E-3 FOR ALL RESUSPENDED PARTICLES
THIS REQUIRES A SPECIAL LIBRARY OF DEP VELOCITIES FOR FOOD FILGEN!I

IF(RIRR.LE.0.0)GO TO 500

aQ OO0

FADOS(ITTIM+N, INUC, IORG) =FADOS (I TTIM+N, INUC, IORG) +
+AIDOS(ITTIM, INUC, IORG) *AMK(INUC) *RIRR/ 2.635E6/1 L0E-3%RPF2
C
500 CONTINUE
C
DADOS{ITTIM+N, INUC, IORG) =DADOS(ITTIM N, INUC, IORGY+INDOS(ITTIM, INLIC
. » IORG) *AIRCON (INUC) *RINH*ARZAIN
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INPUT PREPAREG BY Qfﬂog/ [J{ . BATE e pide s
P E EPY {m‘z{;’aszss=nn :gé(gfzﬁv
r
INPUT CHECKED BY g _[{)0 DAMTE
/2% %aéd;‘?/& Stasfad
RELEASE TERMS 507L SOURCE IRRIGATATION/ AQUATIC DRINKING WATER ATM, RELEASE
NUCLIDE ORGAN SOLUBILITY CLASSES (PCl/MEr3) (PCI/L } {PCI/L) (CI/YR)
0 60 11 3 1 1 2.00E+10 0.00E+G0 0.00E+00 0.00E+00
SR 90+D I 1 3 11 2.50E409 0.00E+00 0.00E+00 0.00E400
S0IL,AIR, ZMD WATER CONCENTRATION SUMMARY FOR THE YEAR 10
RADICNUQL IDE SURFACE SDIL CEEP SOIL AIR IRRIGATION DRINKING WATER
PLisMZ FCisM3 FLLI/M3 P/ -~ PCI/L
CO 60 B.03E4C8 5.35EH9 5.,38E+03 . GOEHD 0.00E+Q0
SR 90+D 2.35E408 1.57E+09 1.5BE+03 0.00E+00 0.00E+00
SOIL,AIR, AHD WATER CONCENTRATION SUMMARY FOR THE YEAR 59
RADIONUCL IDE SURFACE SOIL DEEP SOIL AIR {HRIGATION DRINKING WATER
PCL/M2 PCI/M3 PCI/R3 PCI/L PCI/L
Co &0 1.26E+06 8.3BE+06 8,42E-05 0.00E400 0.00E100
SR 90+D 7 14E+07 §.,76E408 4.,78E-03 0.00E+0D 0.00E+D0
SAMPLE PROSLEM TWO
MAXI, Version VAX2.? 25-APR-84 executed on 3-MAY-84 at 07:40:56
MAYIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FORTOTAL BQOY
EXPOSURE PATHWAY
TNGESTION INHALATION EXTERNAL AQUATIC FOCD DRINKING WATER
RADIOHUCL IDE REM x REM b4 REM % REM % REM 5
cos0 0.00£-00 0 ¢.87E-02 25 1.61E4Q% 99 0.00E+Q0 0 0.00E+00 0
SRE0+D 0.00E+00 0 2.B7E-91 74 9.886-03 0 0.0GE+00 0 0.00E+00 0
TOTALS INGESTION % INHALATION % EXTERNAL S AQUATIC FOOD % DRINKING WATER % TOTR
£.00E+00 0 3.83E-01 ? 1.61E+0) 97 0LOCE+00 1] 0.GOE+00 V] 1.64E401

Figure 3.4-4. Sample Problem Two Qutput (Continued)
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FVERDIE 1.A CEEUTER CODE LISTIEG ~ MAXIL

CALL ZEROA(12500,0A00S)
c
IDRA= [DKAIR
c
C HASTER LOC® G TIME
c

1T1H2=0
ITA=ITI=-IGLOH
ITe=IT1~IRR
ITIME==HAX{ [RR, IBLOW)
ITMaITI+ITIME
DO 50 JTIME~ITH, IT2
IFCIMTRUDLKE O ANDLJTINELGT. ITI GO TO 50
ITIN2=]ITINZs1
ITIMEITING]
HeITIME-]
IF(ITIMZ EQ.L) AITIME=JTIME
IFCITIMIGT.LIALITIRE=L O
DITIME=] TIME«AGE~ITN
c
€ CALL RESUSPFNSION GR MASS LOADING FACTCR
c
IF{ITIME.LE.QY GO TO 10
IF(AGE .GE.O)
LCALL AFACT{RITIME, AIRFA, ITINE, 2DPT)
IFCAGE.LT.0) CALL MLOADCITIME,DEN, XMLF,AIRFA)
10 CONTIRUE
IHUC=Q
LCOP ON THAINS
DO 200 ITH=L.ICHN

SET IRRIGATION AND AQUATIC FOOD WATER CONC TO AMK
ONCE, "IF CONSTANT SOURCE
EVERY TIME., IF DECAYING SOURCE

aQOGOoO0 O

J=[OFRUC(ICH)
IF(ITIME EQ.ITAMCALL AIRDIS(IDKA. INUC,JTIMy, AMM,])
IF(JTIME.EQ.ITHICALL WATER(IDKWAT, INUC, JTIME,AMK,J)

QGO

SET SOIL CONC, DEPENDENT ON IRRIGATION, SUBSURFACE, ETC.

CALL SCLZON{ITIMZ,ICH,INUC,AITIME,J,AD,JTIME,AMT,ITL »AMK,AMM,
. RPFY}

b me————

IF(IDKALRE.O.AND JTIME . GE. ITAICALL AIRDIS(1,INUC,JTIME, AMM,J)

IF(IDKWAT.NE, 0. AND.ITIME,GE. ITWICALL WATER(L, INUC,JTIME, AMK, 1)

Qo O O
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MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 11 FOR  BONMC
EXPOSURE PATHWAY
INGESTICN THHALATION EXTERNAL AQUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM ] REM x REM % REM % REM H
Co6¢ 0.00E400 O 0.00E+00 0 1.41E+01 99 0008400 0 0.00E+00 0
SRO0+D 0.G0E+00 0 8.33E+00 100 9.64E-03 0 0.00E+00 O 1.008400 O
TOTALS INGESTION H INHALATICH b EXTERNAL A AQUATIC FOOD % CRINKING WATER X
0.00E400 O BFIE00 37 1.41E¢0F 62 0.00E+00 O 0.00£400 0
i
MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 11 FOR LUNGS
EXPOSURE PATHWAY )
INGESTION INBAL ATION EXTERNAL ALUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM % REM REM % REM % REM 3
060 0.60E400 O 1.43E401 62 1.41E+01 99 0.00E+C0 0 0.00E400 O
SRI0+D 0.C0E+00 O 8.41£:00 37 9.64€-03 0 0.00E+00 O 0.00ESC0 O
TOTALS INGESTION % INHALATION % EXCERNAL % AQUATIC FOOD % DRINKING WATER %
0.00E400 0 2.Z7E401 61 1.21E401 38 0.00E+00 0O 0.00E+00  ©
MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FOR THYROID
CXPOSURE PATHWAY
INGESTION INKAL ATION EXTERNAL QUAT.C FOOD DRINKING WATER
RADIONUCLIDE  REM 5 REM 5 REM x REM 3 AEN x
Co60 0.00E400 O 0.00E+00 O 1,61E401 99 0.00E+C0 0 0.00E400 0
SRI0+D 0.00E4G0 O 0.00E¢00 O 9.386-03 0 0.00E+00 O 0.0GE+00 0
FOTALS INGESTION % INHALATION % EXTERNAL & AUATIC FOOD §  DRIMKING WATER §
0.00£400 . 0 0.008+C0 O 1.61E+401 100 0.00E400 0 0.00£400 0
MAXIMIM ANNUAL DOSE SUMMERY FOR THE YEAR 10 FOR  LLI
EXPOSURE PATHWAY
INGESTION IKHALATION EXTERNAL MUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM % REM % REM REM % REK H
Co60 0.00E+00 O B £-02 05 1.61E+01 99 0.00E+0 0 0.00EH00 O
SR90+D 0.00£400 0 4.43€-02 34 9.866-03 0 0.00E+00 O 0.00E+00 O
TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD % DRINKING WATER %
0.00E+00 O 1.31E-61  © 1.51E+01 99 0.00E400 O 0.00E400 0

Figure 3.4-4. Sample Problem Two Output (Continued)

TOTAL
2.24E+01

TOTAL
3.68E401

TOTAL
1.61E401

TOTAL
1.62E401
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FPPERDIX 1.A COMPUTER CODE LISTING ~ MAXIL

ao

T

SUBROUTINE PAROS{XFACT,NORG, XBPT.AGE, IRR, RF1,RF2, RINH, INTRUD,
. IDKWAT,XF2, RPFl, RPF2, AREAIN, AREAEX)

PADOS calculates doses for each pathway.

Module of HMAXT1
Version of 26-APR-84 RAP

o0 OOQOO0O000

OO0

COMMON/ THIRDS/ QK (50) » AML (50) ,XQSITE, JAIR, IDKAIR, IBLOW
COMMON/ JUNK/DDTT, IT1, IT2, TITLE1 (20}, TODAY, CLOCK

COMMON/DAT/DF0S8(50,50,5) ,AID0S(50,50,5) , INDOS(50,50,5) ,
«DEXT{50) , ARGF (50,50.5} , ARDW(50,50,5) ,DEDXT(50)

COMMON/DATAL/ELTC(50) , AWO(50) , TOFNUC(S0) , NONUC, UK{2,50) ,
JIFRMI2,50) AL(50) , AM(50) , SOTLCN(50) » TCHN, AMI (50}, AMI (50},
. IFOD, IARG, INAT, RIRR,RPF, XMLF ,DILF, IMQ,BEN, IEXT

COMMON/LOSEL/EXDOS(50,50) , AEXDOS(50) ,FDOS(50,50,5) , FABOS( 50,50
-»5),DADQS(50,5G,5), ARDOS{50,50,5) ,DWDOS{50,50,5) »

. AFDOS{50,5) , ADADOS(50,5) » ADOS{50,5) ,AARDOS(50,5} »

« ADWDOS(50,5)

DIMENSION AMM{50)
DIMENSION AIRFA(50),AIRCON(50) ,AQ(50) , AMT(50) , AMK(50)

REAL®4 INDOS
CHARACTER*9 DDTY

CHARACTER*10 TCGDAY, CLOCK
CHARACTER*6 AWO

INITIALIZE DAT ARRAYS

CALL ZEROR(12500,ARDOS)
CALL ZEROR(12500,DWD0S)
CALL ZERCR(50,A0)

CALL ZERCR(50,SGILCN)
CALL ZEROR(50,AIRFA)
CALL. ZEROR(50,AIRCON)
CALL ZEROR(50,AFXDOS}
CALL ZEROR{12500,FD0S)
CALL ZEROR(12500,FADOS)
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3.4.3 Sample Problem Three

The third sample is designed to exercise the agricultural exposure
scanario., For this prob;gma a 11:@8869 is afgymei to dispese of ;9 w of
Sgstsocontaining 0.1 Ci/m’ of both “-Co and Cs'D, and 0.01 Ci/ec’ of

Sr Default conditions are assumed except that only 0.05 ha is assumed
to be contaminated by the disposal of wastes. Sample Problem Three is to
determine the doses to the intruder 10 years after the wastes are buried.
The solution is found by running the ONSITE agricultural scenario with the
speciflied conditions and waste jnventory. A summary of the ONSITE inter~
active session used to develop the runstream for Sample Problem Three is
shown in Figure 3.4-5. The output resulting for this sampie probiem fis
shown in Figure 3.4-6. The maximum annual doses resuiting for this sample
problem are about 22 rem/yr to total body, 56 rem/yr to bone, 20 rem/yr to
Tungs, 13 rem/yr to thyroid, and 17 rem/yr to GI(LLI). Doses to total
body, and bone are controlled by fngestion of farm crops, while the doses
to lungs, thyroid, and GI(LLI) are centrolled by external exposure. Hand
calculations verified the cods operation in calculating radicactive decay,
soil concentrations, air concentrations. external dose, inhalation dose
and ingestion dose from consumpiion of garden crops.

3.4.4 Sample Problem Four

The fourth samgle problem is designed to exarcise the irrigation/drinking-
wvater scenaric. For tgés pf381em§ a licensee ;g assumed to dispose of
wastes that result in VG, I, 2%sr+D, and 2384D 4n an offsite well.

The water concentrations are 10 pCi/L of each radionuclide. In addition,
an offsite river-water concentration of 0.1 pCi/L of each of these radionu-
clides is assumed. The individual is assumed to use the well water for
drinking and the river water for irrigation. The sample probtlem 1s to
determine the doses that result to tnis individual from using these con-
taminated water sources. The solution is found by running the ONSITE
irrigation/drinking-water scenario with the specified conditions and source
torms. A summary of the ONSITE interactive sessicn used to develop the
runstream for Sample Problem Four is shown fn Figure 3.4-7. The output
resulting for this sample probiem is shown in Figure 5.4~5," The maximum
annual doses resulting for Sampie Problem Fgur are about 0.0016 rem/yr to
tctal body. 0.0077 rem/yr to bone 8.0 x 107° rem/yr to lungs, 0.028 rem/yr
to thyrcid, and 3.5 x 107% rem/yr to GI(LII). Hand calculations verified
the code ooiration for all of the decay, radionuclide concentrations and
dose estimatrs for all of the exposure pathways considered.
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PrEIX 1L,A COPUTER OOOE LISTENG -~ MAKIL
ATEMP=AEXDISUITIME)

IFEX = 0

IF (ATEMP .GT. 0.} IPEX=EXDOS{ITIME,INUC)}/ATERP*100

ATEMP = AARDOS(ITIME,IORG)
IARG = ©
IF (ATEMP .GT. 0.) IARG=ARDC IITIME,INUC,ICRG)/ATEMP*100

ATEMP = ADWDOS(ITIME, I0RG)
IDWD = O
IF (ATEMP .GT. 0.) IDWD=DWDQS(ITIME,INUC, IORG)/ATEMP#100

WRITE(6, 15) ELTOCINUCY,AWO(INUC) ,FDOSCITIME, INUC, IORG) »
.IPFD, DADOS{ITIME, INUC, IORG) .
. JPDAD, EXDOSCITIME, INUC) , IPEX,
+ARDOS(ITIME, INUC, IORG) , IARG, DWDOS(ITIME, INUC, IORG) - IDWD
C
700 CONTINUE
C
IPAF
IPAD
IPAX
IAGD
IDWA
ATEMP = ADCS{ITIME, IORG)

(LR I | I ]
oo O

IF (ATEMP .LE. 0.) GO 70 701
IPAF=AFDOS(ITIME, IORG) /ATEMP*100
IPAD=ADADOS(ITIME, IORG) JATEMP*100
IPAX=AEYNOS(ITINE) /ATEMP*100
IAGL=AARDOS (ITIME, IORG) /ATEMP#*100
IDWA=ADWDOS (ITIME, IORG) /ATEMP*100

701 CONTINUE

c

WRITE(6, 15) AFDOSCITIME,IQRG),IPAF,ADADOS(ITIME, IORG) .,
IPAD,AEXDOS{ITIME) » IPAX,
AARDOS(ITIME; IORG) » LAGD, ADWDOS(ITIME, IORG) » IDWA,
-ADOS (ITIME, I0RG)

500 CONTINUE

500 CONTINUE

25 FORMAT(/,13X,'ANNUAL DOSE SUMMARY FOR YEAR',I5,1X,

«1IND ORGAI', ALO)

999 CONTINUE

[}

RETURN

SR b et

o000

END
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This interactive program wi1] assist you in the creation
of scenarios for assessment of onsite disposal of Tow-
Doses to man through the specified pathways
will be simulated by the computer program MAXI.

level waste.

The following notes may be of interest:
When you have finished reading, press <return> <cr>

oSS mEmEnmDTmmEn

ONSITE/MAXT

e et

T Tk Ve T Ve W R e R T T TR T

PEERER R USRI R R R R R R B R AR TR AR B R BB BT HE R BB R EUTRBE R R HAE

FRRRRRRERAG AR ARER A RFE R THRERHRRA BRI RBRRR R RERRA AR BA PSR B RN AR ERHH

W W W T TR VR YR MY TR YR TR VR W

1) If the default condition ts selected, you need only
press <return>. YES-or-NQ questions are designated by
{Y/N} and should be answered with a Y or N. The defauit
condition is always listed first.

2} The values you enter will be tested against reasonable
Timits and if they are not accepted you will be asked to

supply another value,

When you have finished reading, press <return> <cr>

T W W Ya U W Tk TR TR TR e W W

G ST TR 4 PP L S S SR F L S P A TS F PSR S P E Y FE AP F Y
e g eI I A RS A T A S S A S PR S SRR RS FEFE Y PP E SIS 5

# #
# The following scenartos have besen defined: #
# #
# 1 - External exposure #
# 2 - External exposure plus inhalation from resuspesnsion £
# 3 -~ Agricultural activities #
# 4 - Use of well water for irrigation and drinking water #
# 5 - User-created scenario #
# #
# #
¥ To select a scenario or for additional information #
# on a scenario enter 1, 2, 3, 4, or 5: 3 <cr>» #
# #
b3 S S P A S TP SIS A P I S TSI E RS S S A R F S S S R S LS

Figure 3.4-5.

Sample Problem Three Interactive Session
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APPERDIX 1.A COFUTER CODE LISTING - KAXIL
C TEST ON CUTPUT CLASS AND CONTINUE
c
IF{I0UT.EQ.0) GO TO 999

c
C PRINT A TARBULATION OF ANNUAL DOSES BY ORGAN (IOUT=1)
T
WRITE(6, 10}
WRITE(G, 11) TITLEl
WRITE(6, 12} TODAY, CLOCK
WRITE(G, 20) IT2
WRITE(6, 21) (ONA(CIORG).IORG=1,NORG)
c
C LOCP ON YEARS AND ORGANS
c
ITIME=D
DO 300 JTIME=IT1,IT2
ITIME=ITIME+1
WRITE(6, 22) JTIME,(ADOS(ITIME,IORG) ,»IORG=1,NORG)
300 CONTIMUE
20 FORMAT(/.2X,%ANNUAL DOSE SUMMARY FCR f,I5,' YEARS!)
21 FORMAT(2X,'YEAR',5X,5(A10,2X})
22 FORMAT(1X,15,5X,5(1PEQ.2E2,3X))

C PRINT LONG OUTPUT BY PATHWAY, ORGAN, AND YEAR (IOUT.GT.L)
c

IF(IOUT.LT.2Z}GD TO 999

ITIME=0

DO 500 JTIME=ITL,ITZ

ITIME=ITIME+]

DO 6G0 IORG=1,NORG

c
C PRINT TITLES
c

WRITE(6, 10

WRITE(6, 11) TITLEL
WRITE(6, 12} TTODAY, CLOCK
WRITE(6, 25) JTIME,ONA(IORG)
WRITE(6, 14}

C LOOP ON RADIONUCLIDES
DO 700 INUC=1,HONUC

c

ATEMP=AFDOS(ITIME , I0RG)

IPFD = 0

IF (ATEMP .GT. 0.) IPFD=FDOS{ITIME.INUC, ICRG)/ATEMP¥*100
c

ATEMP=ADADOS( I TIME » IORG)
IPDAD=0

IF (ATEMP .GT. 0.} IPDAD=DADOS(ITIME,INUC, IORG). ATEMP*100
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SCENARIO 3: Agricultural Activities

This scenario assumes surface contamination {as i1n Scenario
2) with famming; defaults to 2000 h/yr exposure to surface
contamination and inhalation. Anspaugh resuspension model
is used. Scenario defaults to total diet of Truits, veg-
atables, and animal products grown on the site. The user
mey specify the percentage of soil containing waste in the
top 15 cm.

Scenario 3 is now selected. Do you wish to change
this selection (N/Y): <cr>

Ty T T T P NG e U e YR W W TR
W W TR W TR TR W W T e R W N

##ﬂ#############ﬁ###################§#§?§#f§##§#§#ﬁ#ﬂ#########ﬁ#############
FRRSREARERERBRERALUR AR R AR RR R AR R R E R R ERRRRFF AN I G R R ERRBRATH RN IRH

Enter a descriptive title for this case:
SREPLE PROBLEM THREE <cr>

B S Y T SR T WS WY T R Wy In
e e N UE T TR WS WS SR YR e W

LIES SRS 3343 S S S LS S F I FEE S F R S T EF PP PSS LRSS L PSS F EEE R O
FEERARERA R ERER R RA AR RE RO REN R FRETERRR I R EF R ERFEATERE TR SRR H AR FUR R AR

¥ #
# ‘ #
# This scenario begins 1 yesars after the waste is #
# disposed. #
# #
# Do you wish to change this value {(N/Y)? ¥ <cr> #
# Enter new value: 10 <cr> #
# #
# #
# This scenario will end 5% years after the waste is #
# disposed. OK? (Y/N) <cr> #
# #
# #
BREERRBBERAERRA R LR O R AR EA N EA NN AT AR REF AR FOA RN R B RGOV ARG REH DR BB HE

Figure 3.4-5. Sample Problem Three Interactive Session {(Continued)
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APPENDIX 1.A CHPUTER CODE LISTING ~ MAXIL
100 CONTINUE

10 FORMAT(1HL}
11 FORMAT(4X,20A4)

12 FORMAT(/,25X, '"MA¥I, Version YAX2.2 25~APR-841',
' executed on ',AlQ,' at t',Al0,'.')

13 FORMAT(/,1X, "MAXIMUM ANNUAL DOSE SUMMARY FCR THE YEAR!,
.15,% FOR',ALD)

14 FORMAT(//,28X, "EXPOSURE PATHWAY',/,17X, Y INGESTION' 11X,
. VINHALATION' , 10X, YEXTERNAL?',
J12%, TAQUATIC FOOD!,8X, 'DRINKING WATER',
of 21X, "RADIONUCLIDE Y, 3X,
ST REM TL,0K, 7% ,5XK),/,14,1200=1),3X,5(16(1=1},4X),/)

15 FORMAT{3X,A2,A6,5X,5(1PE9.2E2,2%,14,5X))
16 FORMAT(1X,112('~"),/,5X, *TOTALS! ,6X, ' INGESTIONY,4X, '%',
+6X; Y INHALATION® , 4X, *%7,6X, TEXTERNAL Y, 5%, 1%,
L6X, VAQUATIC FOOD?,1X,¥%1,5X, 'DRINKING WATER',1X,
%Y ,6X,VTOTALY,
/7516X,5(1PE9.2E2+2X, 14:5X),1PED.2E2)
27 FORMAT(1X,'DOSE RESULTING FROM CONCENTRATIONS AT YEAR ', IS,
.Y OF BIOPORT SIMULATION.')
PRINT DOSE BY CRGAN TO FILES FOR PLOTTING IF BIOPORT INPUT
IF (IBIO .EQ., 1) THEN
Iu = 4C
IF (NEXT .EQ. 1) THEN

WRITE (IU,31) TITLEL,{ONA(IORG),IORG=1,NORG)
ENDIF

WRITE (IU,32) IBYR, (ADOS{MAXTIM(IORG),IORG},ICRG=1,Nur"

ENDIF

31 FORMAT (* ',20A4,//,1%:"Year L,5(2X,A10)/

1T - - - - ?

. Ve ———————— 1)

32 FORMAT (' 1,110,5(2X,E10.3))
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Three types of printer reports are available:

0~ Tables of maximum annual dose per organ with radicnuclide and
pathway contribution

1~ Table above plus annual doses by organ and total

2~ Table above plus annual doses by organ, pathway and radionuclide

The current selection is: 0

Do you wish to change this value (N/Y}? <cr>

WH WL W e WE W W e TR VR MR WL W
e e SR TR R T Wy W Vh e W

b

Cird S dda s s s b A S S S dd P g b b b e B S i i 44
Lid e dS S s Eid i FE s S E e b Sy 43 S F I PR F i A s S

Do you wish to modify any parameter values for
Scenario 3 (N/Y) 7 <cr>

T T W TR WS TS T T4 TR TS TR Wy T
W T T VR VR Me T TR OTR TR T Ve T

PR REREG AR SR ERRA RS PR RN RN RFF AR A PR R SRS P REF TR RIR SRR E R ERGE TR IR RRRFHR
FEERRARERREIRE R RE LRI U AR B RERAREE RO ER AR IR AR RS AR RFHRRETFEHRERRURLRRE

The size of the site in terms of fractional hectares
{ie., 10000 sq m}, is 1.00

Do you wish to change this value?
Ernter new value: .05 <cr>

The inventory will avtomatically be adjusted by the

appropriate area correction factor for each exposure

pathway based on a site size of 5.000E-02 hectares.

Do you wish to review or change the above parameters (N/Y) <cr>

i e dadd st s s A dd g a3 d gt SR bt S S s A d F b
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B TR SR TR TR A W SR e TR Ty R Y

Figure 3.4-5. Sample Problem Three Interactive Session {(Continued)
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MPPEEDIK 1.A COMFUTER OODE LISTING -~ HAMIL

DO 200 INUC=1,NONUC
K=MAXTIM(IORG)

ATEMP = AFDOS(K, IORG)
IPFD = 0
IF (ATEMP .GT. 0.) IPFD=FDOS(K, INUC,IORG)/ATEMP¥100

ATEMP = ADADOS{K,ICRG)
IPDAD = O
IF (ATEMP .GT. 0.) IPDAD=DADOS{K,INUC,IORG)/ATEMP*100

IPEX = 0
IF (AEXDOS{K) .GT. 0.} IPEX=EXDOS(K,INUC)/AEXDOS(KI*100

ATEMi* = AARDOS(K, IORG)
IARG = 0
IF (ATEMP .GT. 0.) IARG=ARDOS(K,INUC,IORG}/ATEMP*100

ATEMP = ADWDOS(K, IORG)
ICWD = 0
IF (ATEMP ,GT.0.) IDWD=DWDOS{K,INUC,IORG)/ATEMF¥10Q

WRITE{6, 15) ELTO(INUC),ARO(INUC),FDOS{K,INUC, IORG),
.IPFD,DADOS (K, INUC, IORG) ,» IPDAN,

+EXDQS(K, INUCY » TPEX,

+ ARDOS (K> INUC, IORG) » ARG, DWDOS (K, INUC, IORG) , IDWD

200 CONTINUE

201

IPAF =0
IPAD = 0
IPAX = 0
IAGD = O
IDWA = 0

ATEMP = ADOS(K.IORG)
IF (ATEMP .LE. 0.) GO TO 201

IPAF=AFDOS(K, IORG) F/ATEMP*100
IPAD=ADADOS (K, IORG) /ATEMP*100
IPAX=AEXDOS{K} /ATEMP®100

TAGD=AARDOS (K, IORG) /ATEMP*1G0
IDWA=ADWDOS (K, IORG) FATEMP*100

CONTINUE
WRITE(6, 16} AFDOS(K,IORG),IPAF,ADADOS(K,IORG),

. IPAD, AEXDOS(K}, IPAX,
. AARDOS (K, I0RG) 5 IAGD, ADWDOS(K, IORG) , IDWA, ADOS (K, IORG)
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BARBRRCE SRS REETBIREFTITHERELRRRELIGRRCR O LORLFORERFISLRBIROTLRBATELRRLBREEENY

W W Ve Th e Ve W TR W Ve T TR Y

The surface/buried inventory may be entered as:

1 -~ pCi
2 = uCi
3 - mCi
4 - Ci

The currect selection is:

1

Do you wish to change this value (N/Y)? Y <cr>

Enter new valua: 4 <¢r>

o Ve T Th TR W Th W T YR Y e A

LRRBRSRRIE RO RERER BT RRHAEABRRERARERRFURRERRRLABIRRERA R SR BHARARHLEFRIREARRN

BESRRERARECHRRFE BB BEF TR ERTRAREERARRAT R RREAAF S RCRRARCARRERRERH IR AR TCHE

W W W PR VR T TR Ve Ve TR YR WM TR

The contamination deposited on the site at start of
calculation may ve entered in the following units:

0 - Ci /square meter
1 - Ci /cubic meter

2 - Ci /Kg of soil

The current selection 1s:

1

Do you wish to change this valuve (N/Y)? <er>

T e T TR TR T W TR TR TR Ve R W

BESERFEFRERBECRAERECRA R BRHRLRRRB RSB DR URRES N R FRR RS FRERURARFH L AR R R
BHERERRRAIR PR F R R B RSP R FR AR REH AR ETBRERARA A R EBRESRERERRARTEFRRRCRHAR

#

F
#
#
#
#
#
#
F
#
#
¥
#
#

The surface/buried inventory dilution factcr is: 0.20

(range = 0.0 to 1.0E+20)

Do you wish to change this value (N/Y)}? <cr»

BEERBRRABREFALEF IR B RHEREF IR B RS RUFRAF AT EPRACLRBH BRI HRERRRECRAERARRERIER

Figure 3.4-5. Sample Probiem Three Interactive Session (Continued)
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AFPENDEX 1.A COPUNER CODE LISTIRG - MAXI1

QOO O?

SUBROUTINE OQUTPUT(NORG, IOUT, KORG, IBI0, IBYR, NEXT)

This subroutine prints a report of MAXIL results.

Module of MAXI1
Version of 25-APR-84 RAP

ODCoOO0O0

2

8

243583

9 2

COMMON/DATAL/ELTO(50) , AWO(5Q), TOFNUC{S0) , NONUC, DK(2,50) ,
«IFRM{2,50} ,AL(50), AM{50),SOILCN{50) , ICHN, AMI(50) ,AMI(50),
. IFOD, 1ARG, IWAT.RIRR, RPF, XMLF,DILF, IM0,DEN, IEXT

COMMON /JUNK/ DRTT, IT1, ITZ. TITLEL(20), TODAY, CLOCK

COMMON/DQSEL/EXDOS(50,50} , AEXDOS(50} ,FD0OS(53,50,5),
-FADOS(50,50,5),DAD0S(50,50,5) , ARDOS(50,50,5) ,DWDOS(50,50,5) ,
« AFDOS(50,5} , ADADDS(50,5) , ADOS(50,5) , AARDOS(50,5) ,

- ADWDOS(50,5)

COMMON/MKXTIM/MAXTIM{(5) ,MAXD(S5)
DIMENSION ONAME(23),0NA(S5),KORG(5)

CHARACTER¥10 ONAME, ONA
CHARACTER*6 AWC
CHARACTER*9 DDTT
CHARACTER¥10 TODAY, CLOCK

DATA(ONAME(I},I=1,23)/'TOTAL BODY','BODY WATER',' KIDNEYS ',' L1
JWER '," SPLEEN ', BONE ',' FAT Yo' LUNGS *,¥ ADRE
«NALS *," TESTES ',' OVARIES *','  SKIN '>' BRAIN t,t MUSC
.LE ','PROSTATE *,* THYROID ', PANCREAS ',' HEART ',' GI-TRA
JCT t,1 STOMACH t,° SI ,* Ul '»'  LLI \r'

C PRINT TITLES FOR SUMMARY BY ORGAN AND RADIONUCLIDE (IOUT=0)
C

DG 100 IORG=).NORG

IF (NGNUC .GT. 20 .OR. IORG .EQ. 1) WRITE(6, 10}

IF (NONUC .GT. 20 .OR. IORG .EQ. 1} ®.ITE(6, 11) TITLE

IF (NONUC .GT. 20 .OR. IORG .EQ. 1) WRITE(6, 12) TODAY, CLOCK
IF (IBIO .GT. 0) WRITE(6, 27} IBYR

ONA{IORG) =ONAME (KORG{ IORG))

WRITE(6, 13) MAXD(ICRG),OMA{IORG)
WRITE(6, 14}

1.A-26
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Do you wish to review or change any of the above parameters (N/Y} <cr> #

Do you wish to review and/or change solubility classification
for each organ for each radionuclide. The defaulf assump~
tion is elements are insoluble for lung and soluble for all
other organs. (N/Y) <cr>

T SR T W e e TR NG e T e Wy
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Py YRR P E P e ey I L e b S s s s st ddddiddisddddisdindidasddidisddiy
The following questions pertain to the radionuclide
inventory. After inputting the inventory, enter

tgo" for element name to signal to the program that
you are finished.

Yrass <return® when you have finished readings <cr>
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Enter new 2-character element {(99=finished): CU <cr>

#
#
#
Atomic number input can be up to 6 characters long. #
Include metastable (M) and daughter (+D) designation, (f.e., TELZIMD) #

#

#

Enter the quantity of C060 deposited on the site at start of

#

#

#

#

#

#

# Enter atomic number: 60 <cr>

# #
# #
# #
# calculaticn (units: Ci /cubic meter ) : .1 <cr> #
# #
# #

FRABRERFORRBREREBRRREERRUHRBERRERFRRRRBRIRRRFRRARRNFERERERRAERRERIRSRRTHR

Figure 3.4-5. Sampie Problem Three Interactive Session {Continued)
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APPEMDIX 1.A COMPUTER CODE LISTING - MAXIL

C
c
SUBROUTINE MLOAD(ITIME,DEN,XMLF, AIRFA)
c
c This subroutine calculates resuspension using the mass leading
c equation.
c
c Module of MAXIL
c Version of 25-APR-84 RAP
c
c
c
c
DIMENSION AIRFA(50}
Cc
CONTINUE
C
AIRFA(ITIME)=XMLF/DEN/0.15
c
RETURN
C
C
C
END

s
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F sozs=moe= o PP L e P P R e P P Y ) zogzmE=monom=moaf
# #
# Enter new Z-character slement (99=finished): SR <cr? #
# . #
# Atomic number input can be up to 6 charactsrs long. #
# Include metastable (M) and daughter (+D) designation, (i.e., TE127M+D) #
# #
# Enter atomic number: 904D <cr> #
# #
# Enter the quantity of SRO0+D deposited on the site at start of #
# calculation (units: Ci /cubic meter ) ¢ 01 <cr> ¥
# #
# #

P T I LI N e T PSS e F e g 38 PR S aa g P s a3 aaEdd bttt ddsdda s daad
BREHERBREAE R AR R RE R R AR RR R AR H R BB AR R AR R RA TGO R R B AR R RARTHER
Enter new Z-character element (99=finished): C§ <cr>

Atomic number input can be up to 6 characters long.
Include metastablie (M) and daughter (+D) designation, {({.e., TE1Z7M+D)
Enter atomic number: 1I37+D <cr¥>

Enter the quantity of C5137+D deposited on the site at start of
calculation (units: C{ /cubic meter Yoo .1 <cr>

Enter new 2-character element (99=finished): 9% <cr>

T T T VR S W Y Ve W YR TR YR YR
g P S T THE TR e TR TR TR TR YR e

BRUBARRTRUBEEERBEREERRELORE B TLRTRER I RRA R ARES VB AR UL IR PRA R RA BRI AR R AR
BRER RIS EER OB BRRS R R ARG R OREHRG R FRE R RERA B AR R AFR B FRREAGNEREREFE RS

Do you wish to review or change the above parameters (N/Y) <cr>
Do you wish to add radionuciides to the above inventory? <cr>

# #
¥ Surface/Buried Prinking #
¥ Ci Irrigation - Water #
# Radionuciide /cubic meter Ci 11 Ci /1 #
# - - - #
# Cos0 0.10 0.00E+00 0.00E+00 #
# SR90+D 1.00E~-02 0.00E+00 0.00E+00 #
# CS137+D 0.10 0.00E+00 0.00E+00 #
# #
# #
# #
# #
# #

BUBRBHARTARRERRAERRTAETREBIRHERHIRRR AR AR AR AR I EHE LSRR RUR AR FAER R A RRR AR AH

Figure 3.4-5. Sample Problem Three Interactive Session {Continued)
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APPEEEIIX L.A COMPUTER CODE LISTING - BHAXIL

ACOOOO0O0 O

1
1
1

SUBROUTINE MAXDOS(NORG)

This subroutine ¥inds the maximum dose for each organ.

Module of MAXIL
Verison of 25-APR-B4

50

60
200
i00

COMMON/DOSEL /EXDOS(50,50) , AEXDOS(50) ,FDOS(50,50,5) ,FADDS{50,50

«25),0ADOS(50,50,5)  ARDOS{50,50,5),DWD0S(50,50,5)

.AFDOS(50,5) » ADADOS(5G,5) ,ADOS(50,5) ,
+AARDOS(50,5) , ADWDOS(50,5)

COMMON/MXTIM/MAXTIM(5) ,MAXD(5)

COMMCN/JUNK/DDTT, ITL, IT2, TITLEL( 20}, TODAY, CLOCK

CHARACTER*9 DDTT
CHARACTER*10 TODAY, CLOCK
REAL*¥4 MAXID(5)

CALL ZERQR(5,MAXID)

ITIME=0

DO 2 I=1,5

MAXTIM(T}=1

CONTINUE

DO 100 ITIMI=ITL.IT2
ITIME=ITIME+1

00 200 IORG=1,NORG
IF(ADOSCITIME, IORG) .GT.MAXID(ICRG)) GO TO 50
GO TO 60

MAXID(IORG) =ADOS{ITIME, IORG)
MAXTIM(IORG)=ITIME
MAXD{IORG)=J TIME

CONTINUE

CONTINUE

CONTIRUE

RETURN

OO0

Bl T e et e el A

END
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(This interactive session genarates the following

account-name, STMFZ,CHL60000,£C400,TL77.
ACCGUNT, account~name, problem—-number, problem-numbar.
ATTACH, TAPE20, FILEZ20, ID=ZZRNRC.
ATTACH, TAPFEZ1,FILE2], ID=ZZRNRC.
ATTACH, TAPE24,FILE24, ID=2ZRNRC.
ATTACH, TAPE2S,FILE25, ID=ZZRNRC,
ATTACH, TAPE22,PLANSCQURC, ID=ZZRNRC.
ATTACH, TAPE27 , VOL SOURC, ID=Z2ZRNRC.
ATTACH, TAPE10,RMDLIB, ID=ZZRNRC.
ATTACH, TAPE23,FILE23, ID=ZZRNRC.
ATTACH, ABS,MAXIL1ABS, ID=ZZRNRC.
COPY, ABS, LGO.
RETURN, ABS.
MAP,OFF.
LDSET, PRESET=ZERQ.
LGO.
{eor )
SAMPLE PROBLEM THREE
SINPUT NEXT=1,
IFOD=1, IARG=0, IWAT=0, JEXT=0,
ISUR=1, IAIR=(,
RIRR= 150. » IMO=6, RF1= 1.00 +» RF2= 0.
RPFl=  1.00 » RPF2= 1.00 ’
AGE= 0. » XDPT= .670E-01,
RINH=  .230000, DILF= 1.00 ¢ XF2=  ,200E+04,
M3M2= 1, INTRUD=0, I22=0Q,
ITl= 10, IT2= 59, NORG= 5, KORG{1l)= 1, 6, 8,16,23,
SRDIL= .200 » FRSIZ= ,500E-01, AREAIN= ,500 »
AREAEX=  ,B0S »
ICUT= 0, ION=1, 3END

3 (¥}
€060 11311 1.00E+11 0. 0. 0.
SRO90+D 11311 1.00E+410 O. 0. 0.
CS137+D 11111 1.00E+1ll O. 0. 0.
{eor }
{eof }

Figure 3.4~-5. Sample Problem Three Interactive Session (Continued)
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FPPERDIX 1.A COYPUTER CODE LISTING - MAXIL

IF(NZ.LE.0) GO TO 55

READ(Z3,13) ((DIN(2,IY¥R,IOR),IQR=1,5},IYR=1,N2}
IF(N3.LE.Q)} GO TO €0

READ(Z3,13) ({DIN(3,IYR,I0R),I0R=1,5),IYR=1,N3)
CONTINUE

FORMAT(10X,5E10.2)

IF (NI .GT. 50) N1=50
IF (N2 .GT. 50} N2=50
IF (N3 .GT. 500 N3=50

C IDENTIFY ORGAN AND SCLUBILITY CLASS AND SET

410
411
420
421
430

431

400
300
200

IF

OO0

100

DO 300 IORG=1,NORG
DO 400 JORG=1,5
IF (IDORG { JORG) .NE.KORG(IORG)) GO TO 400

IF(NTR(IORG, INUC) .EQ.2) GO TD 420
IF(NTR(IORG, INUC}.EQ.3) GO TO 430
IF(NL.EQ.0) GO TO 300

DO 411 IYR=1,N1
INDOS(IYR. INUC, IGRG) =DIN(1,IYR,JORG)
G0 TO 300

IF{N2.EQ.0) GO TO 300

DO 421 1YR=],N2

INDOS(IYR,INUC. IORG)=DIN(2, IYR,JORG)
GO T0 300

IF (N3 .EQ.0) GO TO 300

DO 431 IYR=1,N3

INDOS{IYR, TNUC,IORG)=DIN(3,IYR,JORG)
GO TO 300

CONTINUE

CONTINUE

CONTINUE

NO NUCLIDE MATCH IN 200 LOOP, READ PAST LIBRARY DATA

N4=N1+NZ+13
IF(ICHK.EQ.0) CALL DUMMY(N4}

CONTINUE
RETURN

END
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MAXI - Maxfmym Amnual Dose Caleculation Yersion YAX2.2 25-APR-84
Executed on 3-MAY-B4 at 08:07:59 .
Case title:SAMPLE PROBLEM THREE

RADIONUCLIDE CHAIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY /w TRANSLOCATION CLASSES, 6~APR-84 RAP
DOSE FACTOR FILES USED FOR THIS CASE:

*20 FOOD-LEAF: Leaf Incremental Dose Factors for the ONSITE/BIOPORT

¥21 FCOD-SOIL: Soi1 Incremental Dose Factors for the ONSITE/BIOPORT

*¥22 SHALLOW EXTERNAL: ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SQUR

*¥23  DACRIN-INHALATINN: D0S) DOSE INCREMENT FILE ONSITE/BICPORT ENV. 16-APR-84 RAP

DOSES CALCULATED FROM 10 T0 59 YEARS FOLLOWING TIME ZERO

PATHWAYS INITIALIZED FOR DOSE CALCULATIONS: SPECTAL PARAMETERS INITIALIZED:

FARM PRODUCT INGESTION: CN

INHALATION OF RESUSPENDED MATERIAL :ON

AQUATIC FOODS INGESTION: OFF INVENTORY DILUTION FACTOR: 2.00E-01

DRINKING WATER INGESTION: OFF DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED
CONTINUING ATMOSPHERIC DEPOSITION OFF DECAY OF AIR RELEASE SOURCE TERM NOT PERFORMED
EXTERNAL FROM BURIED WASTES OFF SITE X/Q: 0.00E+00

EXTERNAL FROM SURFACE DEPOSITS: ON SPECIAL INHALATION MODEL NOT USED

SIZE OF THE SITE: 0.05000 FRACTIONAL HECTARES
INTERNAL PATHWAY AREA CORRECTION FACTOR: 5.00E-01
EXTERNAL PATHWAY AREA CORRECTION FACTOR: B8.05E-(1

FARM PRODUCT PARAMETERS USED:
FRACTEON OF ROOTS IN UPPER SOIL: 0.10E+01 IRRIGATION PATE: 1.50E+02L/M**Z/MD
FRACTION OF ROQTS IN BURIED WASTE 0.CQE+00 MONTHS PER YEAR IRRIGATED: 6
FRACTION OF TOTAL DIET GROWN ON SITE: 1.00E+00 RIYER DILUTION FACTOR: 1.00E+QOYR/L

YEARS OF IRRIGATION WITH CONTAWINATED WATER PRIOR TO

THE DGSE CALCULATIONS: 0
EXTERNAL EXPOSURE PARAMETERS USED:
RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL TO SUBSURFACE SOIL 1.00E+00
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL OCONTAMINATION 2.00E+03
SURFACE DEPDSITS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5,844E-11

INHALATION PARAMETERS USED:
MODIFICATION FACTOR , RINH: 2.30E-01
(EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 2016. HR/YR)
RESUSPENSION MODEL USED FOR CALCULATING AIR CONCENTRATION: ANSPAUGH
AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZE€RO: 0.00E+00 YEARS
TOP 1.0 CM OF THE CONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION,

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS SOLUBILITIES GIVEN BELOW):
TOTAL BODY BONE LUNGS THYROID GI-LLI

Figure 3.4-6. Sample Problem Three Output
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RPBIX 1A CORPUTER COLE LISYIRG - MAXIL

SUBROUTINE INSET(NORG, KORG,NTR,TITLDI)

INSET reads the inhalation dose conversion factor file from the
f1le assigned to logical unit 23.

Module of MAXIL
Version of 25-APR-84  RAP

OCOQOOOO0 OO0

o OOn

O OG0

o0

COMMON/DATAL/ELTO(50) , ANO( 50} , IOFNUC{50) ,NONUC, DK(Z,50) »
« IFRM(2,50), AL(50) 5, AM{50) ; SOILCN(50) , TCHN, AMI{50) ,AMI(50)
. IFOD, IARG, IWAT, RIRR, RPF , XML F , DILF, IMO, DEN, IEXT

COMMON/DATAZ/DFDOS(50,50.5) , ATDOS(50,50,5%, iNDOS(50,50,5) ,DEXT(50)
« » ARGF{50,50,5) , ARDW(50,50, 5}, DEDXT{50}

DIMENSION NTR(5,50} ,KORG(5), IOORG(5} ,TITLDI(15),DIN(3,51,5)

CHARACTER AWO*6, AHD*G
REAL®*4 INDOS

1 CONTINUE
CALL ZEROR(12500,INDOS)
READ(23,10INDI, TITLDI

10 FORMAT{(IS5.15X,15A4)
READ{Z3,11) {IDORG{I},I=1,5)

11 FORMAT{5I5)

LOOP OM NUCLIDES IN DACRIN-GENERATED FILE 23
DO 100 IDI=1,NDI
READ(Z3,12}ELTD, AWD,NL,NZ, N3
12 FORMAT(AZ,A6,2X,315)
ICHK=0
MATCH WITH DESIRED NUCLIDES, INCLUDING DAUGHTERS
DO 200 INUC=1,NONUC
IF{ELTD.NE.EL TOCINUCY LOR, AWD . NE.AWOCINUC) )Y GO TO 200
REAécgtilDATA FOR FQUND NUCLIDE INTO TEMPORARY ARRAY LOCATION

IF{N1.LE.O) GO TO 50
READ{(23,13) ({DIN(1, IYR, IOR}, JOR=1,5)»IYR=1,NL)

1.A-22
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IHPUT PREPARED aY:z:a%:_-ﬂ:‘% ;3‘:&:::===:DAT.E:€£’}=€!;Q,
INPUT CHECKED BY __cfj_._ ‘f/ﬁz’.’.‘ﬁ':éugsgnmwé_fﬁfﬁ’l

RELEASE TERMS
NUCLIDE

0 60
SR 90+D
CS 13740

SOIL SQURCE  IRRIGATATION/AQUATIC ORINKIKG WATER ATR, RELEASE

ORGAN SCLUBILITY CLASSES  (PCL/M#¥) (9CI/L )
P13 1 1 2.00E410 0.00E+00
11 3 1 1 2.00£+0% 0.00E+00
1101 1 1 2.00E+10 0.00£+00

(PCI/L) (Ci/YR)

0.00E+03 0.00E+60
0.0CE+00 0.00E+00
0.00E+ 00 0.00GE+0Q

SHRTEVNERVARUREPONNNPLEASE NOTE ANY SFECIAL CONSIDERATIONS IN THIS SPACEWsssexamassususasan

AR N R AR R R RS R R AR AR R R P AR N F AR AR RN NN RN A N S PN NN AT RN A P PR PR APV K NANANESRY

Py-e

RADIONUCLIEE

€o 60
SR 90+D
€5 137+D

RADIONUCL 1OE

Co 60
S5/ 90+D
€5 137D

SCIL,AIR. AND WATER CONCENTRATION SUMMARY FOR THE YEMR

SURFACE SCIL DEEP S0iL AlR IRRIGATION
PCI/M2 PCI/H3 PCI/M3 PCI/L
B.03E+DB ¢.006+00 5.38E+03 0.0CE+00
2.35E+06 G.GoE+00 1.58£+03 0.0GE+GO
2.38E+09 0.00£+00 1.60E+04 0.0CGE+00

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR

SURFACE SCTL DEEP SOIL AlR IRRIGATION
PCI/HZ PCI/M3 PEIMS PCl/L
1. 26E+06 0.00E+00 8.42£-05 0.GOE+0
T.14E+07 G.0OE+(D 4.76E-03 0.00E+00
7726408 0.00E00 5.17e-02 C.U0E-00

IRINKING WATER

PCisL

0.60E+00
0.00k 20
0.00E+00

DRINKING WATER

PCI/L

0.00E+02
0.0CE+00
0.GGE+00

Figure 3.4-6. Sample Problem Three Output (Continued)
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APPERDEX 1.A CHFPUTER CODE LISTIRG - MAXIY

SUBROUTINE IDNUCCNUC,ELT,AW,ELTYsAWI,NIN, NCHN, NFLAG, NFLAGC)
THIS MODULE IDERTIFIES NUCLIDES IN INPUT INVENTORY

Module of MAXIL
Version of 25-AFR-84 RAP

QQOOOCOa0 OQ

DIMENSION NFLAGC{200) -NCHN(300)
DIMENSION ELT(300),AW(300)-ELTI(50),AWI(50),NFLAG(300)
CHARACTER AWX6,AWI*6
c
C INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES
4 CONTINUE
ISTOP=0
c
C LOOP ON NUCLIDES INPUT, TEST AGAINST MASTER LIST.
c
CALL ZEROI(200,NFLAGC)
CALL ZEROI(300,NFLAG)
DO 3 IN=1,NIN
DO 1 IL=1,NUC
ILN=IL
IF(ELTCILY JNELELTI(INIY GO TO 1
IF(AW(IL) EQ.AWI(INDY GO TO 2
IF(AW(IL) .EQ.AWI(IN)) GO TO 2
1 CONTINUE

€ NO MATCH IN LIBRARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE
ISTOP=ISTOP+1
FRINT 100, ELTI(IN),AWICIN)
GO TC 3
2 NFLAG(IL)=IN
NFLAGC(NCHN(IL}) =1
3 CONTINUE
IF(ISTOR.LT.1) RETURN
c
C PRINT TOTAL NUMBER OF UNKNGWN NUCLIDES AND STCP.
w
PRINT 200, ISTOP
100 FORMAT(1HG,' DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE ',AZ,A6)
200 FORMAT(1HO,' DIAGNOSTIC 12: THERE WERE UNIDENTIFIED NUCLIDES, ¢,
STISTOP =1,13)
STOP
C - —_—

R ]

END

1.A-21
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SNPLE PRODLEM THREE E
MAXI, Yersfon ¥YAX2,2 25-AFR-B84 executod on 3-MAY-B4 at 08:07:190 . -

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FORTOTAL BODY

E€XPOSURE PATHWAY P

INGESTION INHALATION EXTERHAL AUATIC FOOD CRINKING WATER i

RADIONUCL TOE REM % REM 4 RTY 4 REM 4 REM 4

Cos0 1.14E-01 1 3,22E-02 6 T.4LE+C0 57 0.0GE+00 o 0 00E+CO 0

SRG0+D 1.200+00 it 9.64E-02 20 4 .85E-03 0 0.COE+CO o] 0.00E+G0 0 i

CS137+0 T.I4E+00 &4 3.42€-01 12 £.ATE+QD 42 0.0DE+00 v} 0.COE+I0 ] .
TOTALS INGESTION % THHAL AT IGN % EXTERNAL X AOUATEC FOOD % DRINKING WATER % TOTAL..
8.72E+00 39 4,70E-D1 2 1.28E101 58 Q.O00E~00 [¢] 0.C0E+GD 0 2. 20E+0)

MAXTMUM ANNUASL DOSE SUMMARY FOR THE YEAR 27 FOR  BONWE
EXPOSURE PATHWAY

INGESTION THHAL ATION EXTERNAL AQUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM 5 REM x REM % REM 3 REM % :
€060 0.00£603 O 0.00E400 7.888-01 17 0.00E+G0 O 0.00£+C0 0 c
$RO04D 5.04E+01 99 7.36E-01 99 3.17E6-03 O 0.00E+00 O 0.00E+00 0 :
CS137+4D 1.956<01 0 8.37E-06 0 3.63E+00 82 0.00E+0G 0 0.00E400 0 1
R
TOTALS INGESTION % INHALATION % EXTERNAL  $ - ACUATIC FOCD ®  DRINKING WATER £ TOTAL - 7y
5.06E401 0 7.36E-01 1 4.42E400 T 0.00E400 0 0.00E400  © 5.58E401 |
Hil
MAXIMUM ANNUAL DOSE SUMMARY FGR THE YEAR 11 FOR LUNGS i !
EXPOSURE PATHWAY #
INGESTION INHAL ATION EXTERNAL AQUATIC FOOD DRINKING WATER
RADIONUCLIDE  REM 5 REM s REM % REM % REM, ) I
060 0.00E300 0O 4.8LE+00 62 6.49E460 55 0.00E400 0O 0.00E400  © 1
SRIO+D 0.00E+00 0 2.82E400 36 4.08E-03 0 0.00£460  © 0.00E400 O !
513740 9.196-01 100 4.46E-02 0 §.258400 44 0.00E+00  © 0.00£400 O j
TOTALS INGESTION % INHALATION % EXTERNAL % HQUATIZ FOOD §  CRINKING WATER ¥ TOTAL i
9.196-01 4 7.68E400 37 1.176401 57 0.00EH0D O 0.005400 0 2.03E+01

Figure 3.4-6. Sample Problem Three Output (Continued)
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MPERDIX 1.A COMPUTER CODE LISTIRS - MAXII

SUBROUTINE DUMMY(N)
THIS ROUTINE READS PAST UMUSED ENTRIES IN FILE 23

Modute of MAXIL
Version of 25«APR~84 RAP

OOOOOHOa0 OO0

00 100 I = 1,N
READ(23,10)
10 FORMAT (1X)
100 CONTINUE

RETURN

OO0 )

END

1.A-20
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MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 10 FOR THYROID

EXPOSURE PATHWAY

076

INGESTION INHALATION EXTERNAL AQUATIC FOGD DRINKING WATER
RADJONUCLIDE REM 1 REM 4 REM x REM x REM %
Co60 0.C0E+00 0 0.00E+00 0 7.41EH00 87 0.00E+00 0 0.00E+Q0 0
SRO0+D 0.00E+00 [ 1.00E+00 0 4.80E-03 1} 0.00E+00 0 0.C0E+00 0
C$137+4D 0.00E+00 0 0.00EH0 0 5.37E+00 42 0.00E+00 a 0.00E+00 0
TOTALS INGESTION % INHALATION % EXTERNAL Ed AQUATEC FOCD % ORINKING WATER %
0.00E+00 0 0.00E#00 0 1.288401 lo¢ 0.00E+00 0 0.00E#00 0
bt MAXIMUM ANKUAL DOSE SLMMARY FOR THE YEAR 10 FOR LLI
&
EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER
RADIQNUCLIDE REM 1 REM % REM % REM % REM B
Ces0 1.12E400 30 2.9E-02 59 7.41E+00 57 0.00E+00 0 Q.00E+00 0
SR90+D 2.,21E+00 59 1,50E-02 30 4.80E-03 0 0.00E+00 2 0.GOE+00 0
CS1374D 4.02E~01 10 4.61£-03 9 5.37E+00 42 0.00E+Q0 0 0.00E*00 0
TOTALS INGESTION b INHALATION % EXTERNAL z AQUATIC FOCD % DRINKING WATER £
3.74E+00 22 4.87E~-02 0 1.28E+01 77 0.00E+00 0 0.00E+00 o

Figure 3.4-6. Sample Problem Three Qutput (Continued)

TOTAL
1.28E+0}

TOTAL

1.66€+01

——

o s



e

o e SRR SN BT -

N

2458

9 2

APPERDIX 1.A CEFUTER CODE LISTING -~ MAXTL
IF(NORGL.GT.5.0R.NORGS.GT.5.0R.NORGA,GT.5.0R. NORGW.GT.5)
.60 TO 300
c

RETURN

100 PRINT 101,HISOL,NISOS-NISOX,NISJA,NISOH
GO TO 400 :

200 PRINT 201.NYRL,NYRS,NYRA,NYRW
GO TO 400

300 PRINT 301,NORGL,NORGS,NORGA, NORGH

400 STOP

101 FORMAT(1HL," DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD OUT OF BO

LUNDS?,/,5(5%,15))

201 FORMAT(IHL,' DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOUND

«S1,/,4(5X,15))
301 FORMAT(1HL,' DIAGNOSTIC 10:NUMBER OF ORGANS OUT OF BOUNDS FOR DFRE
«ADY,/,4(8X,15))
c
c
C
END
1.A-19
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MEZNCEIRCECECENEERTRE

ONSITE/MAXL

AN CoEZLEREERLInEED

This fnteractive program will assist you in the creatfon
of scanarios for sssessment of onsite disposal of low-
level waste. Doses to man through the specifioed pathways
will be simulated by the computer program MAXI.

The following notes may be of interest:
When you have finished reading, r+8ss <return». <¢pr>

Wy Mn W Wh YR Wh Tn W e Wy We Wh Ry
T Wy e Ty A TN Th W VR W T W %

REERE TSR gR PRI AT RN SR ORI ERRRE RN EE PSR LINSORIFEOGINIRALS

PEFTEEREFRI NSRS SRR R ARG NS B SR SBE G N BCR g RGO GERGETE O S EREGRELEFEER
£

1} If tho default condition is selected, you need only
prass <return.. YES-or-hO guasticns are designated by
(Y/N) and should be answered with a Y or N. The defauslt
condition s always listed first.

2} The values you enter will be testod acainst reasonadie
Timfts and {f they are not accepted you «iT1 be asked to
supply another value.

When you have finished roading, press <return> <cr>

By Wy W Py W T e T h R R W
ey Wn W ¥R W B TR g MR W W e WA

BREPERES I AR IR AR FE RGP OR TR AR I BB E G ET IR S EEF RN SESRORESRNCREGRE
FERERBESERRDEISEFRaRARR UL ER ERARERROSERCRARELNINTRECECRPERRERRGEFESAFGHRELSE

£
ity

The following scenarios have boen dafired:

F §
£
External exposure §
External exposure plus inhalatifon from resusponsion f
Agricultural activittes 4
Use of well water for irrigation and drinking water #
User~created scenario F
£
¥
F
¥
F
#

s WwN

To select a scenari{o or for additional tnformation

#
£
#
#
#
¥
#
#
#
#
# on a sceharfo enter 1. 2, 3, 4: or 5: 4 <cr>»
#

¥

CEISd d A dd E P S T s F A T T P P A s F T T T 4

Figure 3.4~7. Sample Problem Four Interactive Session
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FPPEIDIX 1.A COEPUTER CODE LYISTIRG - MMXIY

12 CONTINUE
62 CONTINUE

¢
15 CONTINUE
GO TO 65

"oy

c
C READ EXTERNAL EXPOSURE MECHANISM DATA
c
- 63 CONTINUE
" REWIND 22
READ{Z2,600) TIT22
READ(22,3}ID,NISOX
3 FORMAT(5X,A4,115)
0O 20 ISO=1.NISCX
READ(22,4)ELTX, AWX,DEXT
IF (ELTX.NE.E .OR. AWX.NE.A) GO TO 531
DEXT(INUCY = DFXT
GO 7O 65
531  CONTINUE
< 20 CONTINUE
LN

GO 70 65

(S— 64 CONTINUE
REWIND 27
. READ(Z7,600TITZ7
READ{ 27,3} ID,NISODX
o DO 30 IS0=1.,NISODX
READ{27,5) ELTDX, AWDX,DFDXT
10 WRITE{6,5)ELTDX, AWDX,DFDXT
IF (ELTDX.NE.E .OR. AWDX.NE.A)} GO TO 541
5 DEDXT(INUC) = DFDXT
GO TO 65
™ 541  CONTINUE
30 CONTINUE
et 31 CONTINUE
4 FORMAT(AZ2:A6.E7.1)
FORMAT(AZ,A6,E7.1}

9 2

65 CONTINUE

PRINT DIAGNOSTIC MESSAGES, IF ANY, AND STOP

GO0 O

IF(NISOL.GT.100.0R.NISOS.GT.100.0R. NISOX.GT.100)

.GO TC 100

IF(NISOA.GT.100.0R.NISCH.GT.100) GO TO 100
IF(NYRL.GT.50.0R.NYRS.GT.50,0R.NYRA.GT,.50.0R.NYRW.GT.50)
+GO TO 200

" 1.A-18
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SCENARIO 4. Irrigation and Drinking Water

This scenario accounts for the use of well or river water
for frrigation and drinking. Assumes an irrigation rate

of 150 1/sq m/mo for 6 months. Defaults to Anspaugh model
for fnhalation, Assumes tctal diet and 1.2 liters/day of

drinking watar,

Scanario 4 1s now selected. Do you wish to change
this selectfon (N/Y): <cr>

U Wh R O e W W T T T e e W
e T e VR T W o T Ve W AR W S

LRSI Pt F S i P S S F i b b F RS 33 3 S PR Ei b P d b
SR AT R S P R PR T R L 2 P P e P b E T P P A s b 3

Enter & descriptive title to identify this casa:
SANPLE PROBLEN FOUR <cr>

Ty SR T T W T W W W W T Uy Mo
T M W T Ve TR W VR TR W TR W Vw

SREBPEQERNEEFRRAFCITELETFR R VAT ERLGT SRS TGP IEREELFRUARREN ISR FFRTHRHRRIERT4H
ERSERTIEHERR S RRERE BRSNS ERS N TR ECISESERERETERERTHARHI BN ARFRRRNEIR R LR H#

o

# This sceparic begins 1 years after the waste is
# disposed.

Do you wish to change this value (N/Y)T Y <cr>
Fater new valua: 10 <cr>

This scenartfo will end 59 years after the waste is
disposed. OK? (Y/N) <cr»

e W Yh W T W T Ve U e W YR Vn

£
&
i
¥
#
¥
f
£
#
F
i

PEREERRERIIERFREFERNGIRSOFRA RSNV ERTFAFR IR ERFRICE RN T ARG FERABARERTFREREATS

Figure 2.4~7. Sample Problem Four Interactive Sessfon (Continued)
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HTTDIX LA COREFUTER CODE LISTING — MAXNIY

DO 502 YORG = 1, HORG
DO 503 I0R = 1, NORGL
IF (KORG(IORG).NE.KORGLS(IOR)} GO TO 504
DFROS(IYR, INUC, IORGY=DINCS(IOR)
AIDOS(IYR, INUC, IORG) =DINCL{IOR)

504 - CONTINUE
503 CONTINUE
502 CONTINUE

GO TO 15

501  CONTINUE
10 CONTINUE
60 CONTINUE
c
c
IF (IRAP .NE. 2) GO TO 61
DO 11 ISO = 1, NISOA
READ(24,2) ELTA, AWAW, (DINCA(IOR), IOR=1,NORGA)
c WRITE(6,8871) IYR,ELTA, AWAW, (DINCACIOR), IOR=1,NORCA)
C BB71 FORMAT(/' READ YR: ',I4,.2X,AZ,A6,2¥%,5E10.2)
IF (ELTA.HE.E .OR. AWAW.NE.A)} GU TO 511
DO 512 IORG = 1. HORG
DO 513 IOR = }, NORGA
IF (KORG(IORG) .NE,.KCRGA(ICR)) GO TO 514
ARGF (IYR, INUC, IORG) =D INCA(IOR)

c WRITE{6,8870} IYR,INUC, IORG,ARGF(IYR, INUC, IORG)
C 8870 FORMAT(Y JYR, IMUC, IORG: ',3I5,2X,1PE10.2)
54 CONTINUE
513 CONTINUE
512 CONTINUE
GO TO 15
511  CONTINUE
1l CONTINUE
61 CONTINUE
c
€
IF (IRAP .NE. 3) GO TO 62
DO 12 IS0=1,NISOW
READ(25,2YELTW, AWW, (DINCW(I0R), IDR=1,HORGW)
2 FORMAT (AZ,A6,5E12.2)
IF (ELTW.NF.E .QR. AWW.NE.A) GO TD 521
DO 522 IORG = i, NORG
DO 523 IOR = 1, NORGW
IF (KORG{IORG).NE.KORGW(IOR}} GO TO 524
ARDW(IYR, INUC, IORG) =DINCW{ICR)
524 CONT INUE
523 CONTINLE
522 CCNTINUE

GO TG 15
521  CONTINUE

1.A-17
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Three types of printer roports are avaflabdle:
0~ Tablas of maximum annual dose par organ with radionucltide and
pathway contrfbution
1~ Tabte above plus annual doses by organ and total
2- Table above pilus annual doses by organ, pathway and radfonuciide

The current selection fs: 0

Do you wish to change this value (N/Y)? <cr>

Ty W T R Ia Ta Tn R Un TR TR W W
T W Wk T R TR Wk M T TR e e

ERRRSER AR R PSR F LR AR R AR R RS RS SSRGS TR ARG RFGE LR G RRCFRF BB IE TR R
PERARERTERARERREIREE IR LRACHIRARRRGAN PO RR BN AR A RERG SRR IR T EL R HERFROHBAREN RS

N T S O NI I I I e I RN N S S N SR e m e

Do you wish to modify any parameter values for
Scenario 4 (N/Y} 7 <cr>

Do you wish to review or change any of the above parameters (N/Y} <cr>

T Wy TR VR TR WM W W T Th TR TR W
Th W T Sk W T T T TR T W e W

BRERCRER RO RARA AR RTINS PR RN R R AR R AR R ERRRRS B TR B RER LAY
REREREE RS E AR R R F R R AR R R BB E R R RA R RSB R R R AL IR AR AR ERES

# : #
# #
# #
# Do you wish to review and/or change solubility classification ¥
# for each organ for each radicnuctide. The default assump- #
# tion 1Is elements are inseluble for lung and soluble for all #
# other organs. {N/Y} <cr> #
# #
# #
# #
# £
# #
# #
FRGIRRRAGEN RN ERERERRAEE SR ERIREu IR R RRRRA R ERR LR R R R AR ERE L AR ET PR R FR TR AR

Figure 3.4-7. Sampie Problem Four Interactive Session (Continued)
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FPEEDEX 1A COPUTER CODE LISTIES - MAXI)

READ(20,600)TIT20
FORMAT(13A4)
READ(20,1) ID.NYRL ,NISOL , NORGL
READ{20,7) (KORGLS (I}, I=1,NORGL)
READ(21,600)TIT21
READ(21,1)I0,NYRS,NISOS,HORGS
READ{21,73 (KORGLS(I},I=1,HORGS)
FORMAT(5X, A4,315)
FORMAT(5IS)

ENDIF

iIF (IRAP .EQ. 2) THEN
REWIND 24
READ(24,600)TIT24
READ(24,1)ID,NYRA,NISOA,NORGA
READ(24,7) (KORGA{I),»I=1,NORGA)
ENDIF

IF (IRAP ,EQ. 3) THEN
REWIND 25
READ(25,600)TIT25
READ{25,1)ID,NYRW,NISOW,NORGH
READ(25,7) (KORGW(I) s I=1,NORGW)
ENDIF

CONTINUE

LEAF ., SOIL, AQUEQUS FOOD AND DRINKING WATER DATA IN BLOCKS

56
57

58
25

IF (IRAP ,EQ. 1) NYR = NYRL
IF (IRAP .EQ. 2) NYR = NYRA
IF (IRAP .EU. 3) NYR = NYRW

D0 15 IYR=1,NYR
IF(IRAP.NE.1) GO TO 56
READ{(20,25)
READ{(21,25)
IF(IRAP.NE.2) GO TO 57
READ(24,25)
IF(IRAP.NE.3) GO TO 58
READ(25,25}

CONTINUE

FORMAT{1X}

IF (IRAP .KE. 1) GO TO &0

80 10 IS0 - 1, NISOL
READ(20,2) ELTLS,AWLS,{DINCL{ICR), IOR=1,NORGL}
READ(21,2) ELTLS,AWLS, (DINCS({IOR), IOR=1,NORGL)
IF (ELTE.S.NE.E .OR. AWLS.NE.A) GO 7O 501

1.A-16
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The following questions pertain to the radionuciide
tnventory. After fnputting the Invantory. enter
"g9" for alement name to signal to the program that
you are finished.

R A S N R R e S T R S A N D T R S N I I R E N AR R LR LA SE X TR IDRETHEN e

Press <return> when you have finishoed reading: <cr>

o W W R WL R Uk W M e R M

BRORQRINERREFRLSEFAFEOROPRNESFRFR USRI RGEH P ERAINELUF LR AT HPIREGREFEERETIERIFES

EREREREER RN EPER AP ISR TRERAEIAFARNTAF IS GRS ERSCRLRFARPE LT RETEORHPEREREIES

Th Y T VA TR TR T TR T W Y T e

Enter new 2-~character aelement (99=finished): CQ <cr> #
#

Atomic number {nput can bs up to 6 charactars long. ¥
Include metastable (M) and daughter (+D) designation, {f.e., TE127M+D) #
Enter atomic number: 60 <cr> #
#

To consider only frrigaticn or only drinking water contaminaticn, #
enter zero quantity for the other pathway. #
#

tnter the concentration of CO60D in the irrigation water at start of#
calculation {units: pCi/iiter): .1 <cr> #
Enter the concentration of COS0 in the drinking water at start of #
calculation (units: pCi/liiter): 10 <cr> ¥

ERERERRRIRERICORERERERIRERRREIFRETEREEN R EREEAREREFFUC N AL RO RRESREHEGHEBH
b i S S R A SIS i F T d S P F Fr s AP S RS S S

#

#
#
#
Z
#
#
#
#
#
¥
#
#
¥

Enter new 2-charactsr elemsnt (99=finished): SR <cr> #
¥

Atomic number input can be up to & characters long. ¥
Inciude metastabie (M) and daughter (+D) designation, (t.e., TELZIM+D) #
Enter atomic number: S01D <cr> 7
#

To consider only frrigation or only drinking water contamination, f
enter zero quantity for the other pathway. #
#

Enter the concentration of SR90+D  in the irrigatfon water at start off
calculation (units: pCi/iitar): .1 <cr> ' #
Enter the concentration of SR84+D  in the drinking water at start of #
calculation (units: pCi/1iter): 10 <cr> #

ERRERARER AR RN G R FRECARR A RAG AR AR E R R BB EER DGR BR LRSS REBHEBET RIS BV R K

Figure 3.4-7. Sample Problem Four Interactive Session (Continued)
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FFeiIX 1.A OOIPUTER CUDE LISTING - MAXI1

SUBROUTINE DFREAD (IRAP,E,A,NORG,KORG, INUC)

This subroutine reads dose conversion factors from assigned
lTibraries for the surrent radionuclide,

Module of MAXI1
Version of 11-MAY-B4 RAP

COO0OO0O0OO0Q0 OO0

QOQOO0O0

o OO0 O

COMMGN/DATAL/ELTO(50) , AWO(50) , IOFNUC(50) ,NONUC, DK{2,50),
» IFRM(2,50), AL(50) , AM(50) , SOILCN(50) , ICHN, AMI(50) , AMI (50),
+IFOD, IARG, IWAT, RIRR, RPF , XMLF, DILF, IM0+DEN, JEXT

COMMON/TITLS/TIT20(13),TIT21(13),TIT22(13),TIT24(13},
LTIT25(13),FIT27(13) :

COMMON/FREAD/ELTLS(100) , AWLS (100} ,ELTX(100) , AWX(100),
LDFXT(100),

«NYRL » NYRS, MORGL » NORGS, NISOL , NISGS: NISOX,

-NYRW, NYRA, NORGY, NORGA, NISOW, NISOA, ELTA(L00) , AWAW(100),
+ELTH(100) , AWW(100) , ELTDX{100) , AWDX(100) ,DFDXT{100) ,NISODX

COMMON /DATAZ/ DFDOS(3%0,50,5),AID0S{50,50,5) ,INDOS(50,50,.5) .,
. DEXT(50) s ARGF (50,50,5) ; ARDW(50,50,5) , DEDXT(50)
REAL INDOS

DIMENSION KORGLS{5),KORGA(S) ,KORGH(5)

DIMENSION KORG(S)

DIMENSION DINCL(5), DINCS{5), DINCA(5),
. DINCW(5)

CHARACTER®E AWLS,AWX, ANO, AWAW, AWH, AWDX, A

READ LEAF AND $OIL MECHANISM DATA

500 CONTINUE

IF (IRAP .EQ. 4) GO TO 63
IF (IRAP .EQ. 5) GO TO 64

IF (IRAP .EQ. 1) THEN

REWIND 20
REWIND 21

1.A-15
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BREOREGLBE0000ER0RICRPERROBOIE00SNEG0GS00RCEPE0NESTSESEHEETINOREEHLICHLBEED
g Ent.r new Z-character elasant (8S«finishodl: I <gr> #
£ £
#  Atemic number fnput can b2 up to 6 charscters long. £
£ Incluos movastable (M) and dsughter (<) cesignation, (f.e., YELZ?HD) #
#  Entar atomic number: 129 <cr> £
£ #
£ To constdar only trrigation or only drinking water contiminaticn, &
£ onter zerc quantity for the other pathway. &
f #
# Enter the concentration of I 12% in the frrigation water &t start off
§  calculation (unfts: plisliterit .1 <cr> §
# Entor tho concontration of 1 129 in the drinking water at start of ¢
# calculation funtts: pCi/Yiver): 10 <ci>» #
CRREEEURTRECREbITGaO S AR EaNFEER I ERI RGN R ERCE ORI EREIFRLEREE00EF
L R S g L I T T S I P I YT F X T T P I
- Enter new Z-character slemant (9%9sfinfshed): U <cr> #
§ £
#  Atomic number {nput can be up to 6 characters Yong. s
#  Include motastable (M)} amd daughter (+D) deszignation, (f.e., TEL2TMD) #
# Enter stomic number: JHD <cvr> ! g
# #
# To consfder only frrigation or only drinking wator contamination, £
# enter zoro quantity for the other pathuay. #
¢ #
# Enter the concentration of U 238+D 1n the {rrigation water at start of#
# calculation (units: pCi/itter): .1 <cro -
# Enter the coacentration of U 238¢D fn the drinking water at start of #&
# calculation (units: pCt/lfter): 10 <cpr> 4
FOCCRIETULEBAEGEABRBEGENIREE  EHECTERE SRNG5S E058425592848
RRRRTACATRTTE RS EEETI O E O ORI LRSI EEORR0828500BTFREIEERE0s8E0200EF
i # Enter new Z-charactor element (99=f{nished): $9 <er> £
! ¥
: f Surface/Buricd Dricking £
: - pCH Irrigation vatar F ]
4 Radionuclide /cubic meter pCt /1 pit /1 #
# #
i # €060 0.00E+400 0.10 10. ¢
; ¥ SRO0+D 0.00E+Cr 0.10 10, f 4
¥ I12% 0.00E+00 .10 10. ]
. f U 238+D 0.00E+00Q 0.10 10. £
E ‘ 833‘—'5::8*335:‘ZHGEBHEIEBSBEk‘SBIEulEﬂI-nB‘CR"EE:&I‘ﬂ'lll&hk'..“lnﬂﬂﬂ ‘
' £ Do you wish to raeview or change the above parameters (N/Y) <cr> #
; # Do you wish to ado radionucliides to the above {nvantory? <cr> [
: L T T T T T O T R s P T T Y

TP R TSR TR AT @ f T e

Figure 3.4~7. Sample Problem Four Interactive Sessfon (Continued)
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RPVERDIX 1.7 COFUTER CODE LISTING - MAXIL

FUNCTION ASUM(J,A)
This function sums an array, called by ACHAIN

Module of MAXIL
Version of 25-APR-84 RAP

O aQOooOoO0O0 OO0

DIMENSION A{l)

ASUM=Q,

IF(J.LE.O) GO TO 2
DO 1 I=1,J
ASUM=ASUM+A(T)
CORTINUE

RETURN

OO O

END

1.A-14
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{This fnteractive session gonerates ths following file.)

account-name, STHEZ, CHIG0000, ECL0D, TYTT .,
ALCOUNT ; account-nama, prodiem=-numhor, prodleo=nunber,
ATTACH, TAPEZ0 . FIT E2Q, ID=ZZRANRE,
ATTACH, TAPE21.FILE2L - [D=22ANRLE,
ATTALH. TAFEZ4,FILE2A, D7 ZRNAC,
ATTACH.TAPEZS, FILEZS, IDnSTHNRC,
ATTALH, TAPEDZ o PLASOURE, TD 2 IPRRC.
ATTALH, TAFEZT  YOL STURG, 0= 2RMHE,
ATTRCH, TAPE 10 RMDLIB, JOWZZFRRC,
ATTAGH, TAPE2R,FILEZS, ID= 221040,
ATTACH, P35S MAXTLABE, Tel27RNRE,
0Py, AS,LGD,
RE TURRL AHS.
HAR O F,
LOSET,PRESET=ZERC.
LGO.
feer 1}
SAMPLE PROBLEM FOUR
SINPUT MEXTsl,
IFOD=} , TARG=C, JHAT=L, TERT=,
ISUR~L, TAIReQ,

Rirk= 150, e IMGeG, RFl= 1.00 2 REZ= O, ’
FPFI= 1,00 s RPFZ=  1.00 .

ICKWAT=G,

AGE= 0, + XOPTe  670FE-01,

HIKH= <23000C, DILFs 1,00 v XF2=  200QE+04,
WIMZ= 1, INTRUD=0, 12250,

ITl= 10, IT2s 59, HORGe 5, KORG(I)e 1, 6, 8,16,23,
SROIL® .200  , FRSIZ= 1.00  , AREAIN= 1.00 .
AREAEX=  1.00 o

10UTw 0. ICMel, SEND

4 10
CCho 11311 O©. <10 io. o.
SRop+D 11311 0, W10 10. 0.
129 11211 L. 10 16. 0.
U 23840 22322 O 10 10. g.
{eur i
feof }

Figure 3.4-7. Sample Problem Four Interactive Zessfen (Continued)
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RPPERDIX 1.A COMPUTER CUDE LISTIMG - MAXIL
C CALCULATE TOTAL INHALATION'DOSE SUMMED OVER ALL NUCLIBES
© ADADOS{ITIME, IORG) =ADADOS(ITIME, IORG) +DADOS(ITIME, INUC, IORG)
§ CALCULATE TOTAL AQUECUS FOOD DQSES

AARDOS{ITIME , IORG) =AARDOS{ITIME, IORG)
. +ARDOS{ITIME, INUC, IORG)

C  CALCULATE TOTAL DRINKING WATER DOSE
c

ADWDOS(ITIME, ICRG) =ADWDOS(ITIME, IORG)
. +DWDOS{ITIME, INUC, TORG)

300 CONTINUE
200 CONTINUE

~

-~

C

c

C CALCULATE ANNUAL DOSES

c
DO 400 IORG=1,NORG

c
ADOS(ITIME, IORG) =AFDOS(ITIME, IORG) +ADADOS(ITIME, IORG) +AEXDOS(ITIME
. )+AARDOS{ITIME, IDRG) +ADWDOS{ ITIME, I0RG)

c

400 CONTINUE
100 CONTINUE

DEBUG PRINT STATEMENT--
ITIME=0
DO 101 JTIME=IT1,IT2
ITIME=TTIME+]
PRINT 8881,JTIME, (ADOS(ITIME, IORG) » TORG=1,NORG)
8881 FORMAT(' JTIME, ADQS: ',I4,5E10.3)
101 CONTINUE

RETURN

OO0 OOOO0O0OOQ0

END

1.A-13
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921 24381033
,‘}‘\.
MAX] = Havioge Annual Gose Calruletion Yees!on YARD,Z 25-APR-B2
Eracutos on 11-MAT-BL 4t 11:57:41
Case t1tle:SAMFLE PROALEM FOUR

A B 5 P by A i e P B e - A e B A i = T T P T

RADICMUQL IO O-ATN LIBRARY LISED: RADIONUCY ICE RASTIR CATA LIERARY /w TRANGLOCATION CLASSES. b-APR-84 EAP b
DOSE FACTCR FILES URED FOR THIS CASEr Cot
2 FOOD-LEM: Loaf Incremental Tose Factors for the ONSITEZBIFLKT L
21 FOCD-SQIL: So1l Incrorental Cose Faciors for the RSICE/RIGPRT !
22 InALLON EXTERMALY nSITE/BICPLRT EXTERNA [RFS FOR SURFACE (PLAnl SOUR ;
321 DACRIN-IMALATION: DOSY DOSE INCREMENT FILE OMSITE/BICGPUIRT ENY. 16-APR-84 RAP Lo
125 KARRG-DRINK MIQ: Incremental Orieding Watar Dose Facters = (M51TE/HI0 Eo
DOSES CALCULATED FROM 10 TO 59 YEARS FOLLOWING TIME ZERD :
PATHEAYS INITIA IZE0 FCR DOSE CALOULATIONS: SPECIAL PARMMTERS INITIALIZLD: ‘
F#pi PROBUCTY JHGESTION: on it
InALATION CF RESUSPENGLD MATERIAL:GN ;
ANCUATIC FCODS THGESTION: OFF INFENTORY CILUTION FACTCA: 2.00E-0) !
ERINGING WATER TMGESTION: N LECAY CF RIVER RELEASE SOURTE TFRN HOT PERFURMCD
CONTINUING ATMGSPIERIC [EFCSITION OFF CECAT OF AIP RELEAST SUUACE TERM NOT FERFORMED
EXTERMAL FRUM BURIED WASTES Cif SITE x/0: G.0OE0D
EXTERMAL FROM SURFACE DRPGSTITS: On SFECTAL INHALRTION BODEL ROT USED

SIZE OF THE SITE: 1.00C50 FRACTIONAL MECTRRES

INTERKAL PATHWAY AREK CLRRFCTICN FACTOR: 1.00L+00 :

EXTCENAL PATHWAY AREA CORRECTION FACTOR: 1.00E~00 t
FREM PRODUCT PARRMETERS USED: :

FRACTION OF RCOTS IM WPER SOIL:  0.10£+0) .v IPRIGATION RATE: 1.SOE4DL/MAR2 M)
FRACTION OF ROOTS IN BURIEC WASTE O.00E+00 K MONTHS PER YEAR TRRIGATLD: &
FRACTION OF TOTAL DIET GROwN O SITE: 1.00+00 RI¢ER CILUTION FACTOR: 1.00f-COYR/L

YEARS OF IRRIGATION wIT™ CONTAMINATED WATER PRIOR T0
™E DOSE CALOQULRTIONS: 10
EXTERNAL EXPOSURE PARAVETERS USED:
RATIO OF LXTLRNAL CONTAMINATICN IN SHRFACE SOIL YO SUPSURFACE 500 1.00£400
NUMEER CF ROURS OF EXPOSURE TO EXTERNAL  CONTAMINATION 2.00E+03
SURFACE GEPQSITS ORFS FROM ,SOSHLD; MOUIFICATION FACTOR: S.844E-11

INIMLATION PARMETERS USED: o

MOUIFICATION FACTOR , RINM: 2.3CE-03 i

(EGUIVALENT TO BREATHING RATE OF 230 CL/SEC FOR 2016, HR/YR) e
RESUSPENSION MODEL USED FOR CALOULATING AIR CONCEMTRATION: ANSFAUGH i
AVFRAGE AGE OF MATERIAL ON GROURD AT TIME ZLRO: O.COE+D0 YEARS Pl

TeP 1.0 CM OF THE CONTAMIKATED SURFACE LAYER IS AVAILABLE FOR BESUSPENSION.
ORGAMS FOR WHIOH DOSES ARE CALCULATED (S4ME ORDER AS SCLIBILITIES GIVEN BILOW):
TOTAL BCOY BONE LUNGS THYROID GI-tLl

Figure 3.4-8. Sample Problem Four Output
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MPEEIIX 1.4 CO-PUTER CODE LISTIRG -~ MAXIE

SUBROUTINE ANDOS(NORG)
THIS SUBROUTINE IS USED TO CALCULATE ANNUAL DOSES

Module of MAXI1
Version of 25~APR-84

O QOOOO0000 OO

OO0 OO0 00

9 e N

COMMON/ JUNK/DDTT, 11, IT2, TITLEL (20) , TODAY, CLOCK

COMMON/DATAL/ELTO(50) » AWO{50) , IOFNUC(50) , NONUC,DK(2,50},
. IFRM(2,50), AL{50) , AM(50) ,SOILCN{50) , ICHN, AMI(50) ,AMI(50) »
.IFOD, IARG, IWAT,RIRR, RPF, XMLF ,DILF , IMO, DEN, IEXT

COMMON/DOSEL/EXDOS{50,50) , AEXDOS{50) ,FROS(5G,50,5) ,
.FADOS(50,50,5) ,DAD0OS(50,50,5) , ARROS{50,50,5) »DHDOS(50,50,5),
LAFDOS(50,5) , ADADOS{50,5) ,ADOS{ 50,5},
-AARDOS(50,5) » ADWDOS(50,5)

CHARACTER*Q DOTT

CHARACTER¥*6 AWQ

CHARACTER*10 TODAY, CLOCK

ITIME=0

CALL ZEROR{250,AFDOS)

CALL ZEROR{250,ADADOS)

CALL ZEROR(250, AARDOS)

CALL ZEROR{250,ADWDOS)

DO 100 JTIME=ITL,IT2

ITIME=ITIME+L

DO 200 INUC=1,NONUC
DO 300 IORG=1,NORG

CALCULATE TOTAL FOOD PRODUCT DOSES

FDOS(ITIME, INUC, IORG) =FDOS(ITIME, INUC, IORG) +FADOS{ITIME, INUC, IORG
. )

CALCULATE TOTAL FOOD PRODUCT DOSES SUMMED OVER ALL NUCLIDES
AFDOS{ITIME, IORG) =AFDOS(ITIME, IORG) +FDOS{ITIME, INUC, IORG)

1.A-12
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INPUT PREPARED BY _%{%{{ gff“’*"é L DONTE g s
INPUT CHECKED BY (/¢ mwé yg LA che ey

RELEASE TERMS
NUCLIDE

o 62
SR 9(+D
U 23840
I 129

OQRGAN SOLUBILITY CLASSES

3
3
3
2

— A =t e
— R

S0IL SOURCE

(PCI/K**3)

i1 0.20£+00
i1 0.00E+00
2 2 G.00E+0C
11 0.00C+00

{PCI/L )

1.00E-01
1.00E-01
1.00E-01
1.00E-01

IRRIGATATION/ AQUATIC DRINKING WATER

(PCI/L)

1.00E+0)
1.00E+01
1.00E401
1.00E+01

ATM, RELEASE
(CI/YR}

0.00E+00
0.00E+0
0.00E+G0
0 .COE+OD

BARRKRRTHANERRRNES NP EACE NOTE ANY SPECIAL COMSIDERATIONS IN THIS SOACERSWARESACHANNRENSSER

»
+

AR R A R R PR I AR R R AR R RN F RN RN RN PR RSN AR N A R AN S F R R LI R NEERIRAERRN

RADICNUCLIDE

€0 60
SR 904D

U zZ38+0

I 129

RADIONUCL IDE

o 60
SR 904D

U 23940

I 1239

SOIL,AIR, AHD WATER CONCENTRATION SUMMARY FCR THE YEAR

SURFACE SOIL
PCIM2

4.89E+02
8.58E+02
2.90E+02
9.90E+(2

SCIL.AIR.

SURFACE SO1L
PCI/M2

6.385:02
2.80E403
§,40E+03
5. 40E+03

Figure 3.4-8.

BEEP SOiL
FCI/H3

0.00E400
0.00£+00
0.6GE+0
0.00E+G0

AIR
PCI/M3

4.08L-07
7.15E-07
8.25E~07
8.25E-07

IRRIGATION
PCI/L

1.0CE-0L
1.00E-01
1.GOE-01
1.00E-0%

AD WATER CONCENTRATION SUMMARY FOR THE YEAR

OEEP SOIL
PCI/M3

0.00E+00
0.00E+0C
0.00E+00
0.00E+00

Al
FCI/3

4.28E-08
1.88E-07
3.62E-07
3.62e-07

IRRIGATION
PCI/L

1.00E-¢1
1.006-01
1.00E-01
1.00E-01

10

DRINKING WATER
PCI/L

1.00E+01
1.00£-01
1.00E+01
1.00E+G1

59

DRINKIKG WATER
PCI/sL

1.G0E+0]
1,00t401
1.00E+01
1.00E+0}

Sample Problem Four Qutput {Continued)
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i AFPEMDIX 1.A  CONPUTER CODE LISTING - MAXI]
A C
c
SUBROUTINE AIRDIS(IDKA, INUC,JTIME,AM4 D)
c
. o8 THIS SUBROUTINE IS USED TO DECAY THE ATMOSPHERIC RELEASE SCURCE TERM
. c IF NECESSARY. USED FOR CASES WITH OFF-SITF AIRBORNE SOURCES
c
C Module of MAXIl
C Version of 25-APR-84 RAP
c
c
C
COMMON/DATAL/ELTO(50) , AWO(50) , IOFNUC(50) , NCNUC, DK(2,50) ,
+IFRM(2,50) , AL{50) ,AM(50) ,SOTLCN(SQ) , ICHN, AMI (507 , AMI (50},
. IFOD, IARG, IWAT, RIRR, RPF , XMLF,DILF , IMO, DEN, IEXT
c
™~ COMMON/ THIRDS/ QK (50) - AML (50) , XQSITE, IAIR, IDKAIR, IBLOW
c
e CHARACTER*6 AWO
DIMENSION AMM(50)
— c
C IF NOT DECAYING SOURCE, SET AMM=AML
—— c
IST=INUC+1
® K=IST+I-1
IF(IDXA.NE.0YGO TO 10
1D DO 100 I=IST,K
i 100 AMM{I) =AML (I)
) GO TO 90
o C
- C DECAY ONE-MEMBER CHAINS
c
- 10 IF(J.GT.1)GO TO 20
~ AMMCIST) =AML (IST) *EXP(~AL (IST) *J TINME)
. GO TO 90
o c
C CALL CHAIN DECAY ROUTINE
C
20 DO 260 I=IST,K
200 AMM(I)=AML(I)/AL(I}
CTIME=JTIME
CALL ACHAIN(J,CTIME,DK(1,IST},IFRM(1,IST),AL{IST),AMMCIST),
JAMMOIST))
DO 300 I=IST,K
- 300 AMM(I)=AMM(I)*AL(I)
c
90 RETURN
L] Commm e
END

L3 Fl

[
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SAMPLE PROBLEM FOUR
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MAXI, Yersion YAXZ2.? 25-APR-84 executed on 11-MAY-84 at 11:32:41
MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 59 FORTOTAL BODY
EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AUATIC FOCD CRINKING NATER
RADIONUCL 2DE REM 4 REM % REM 1 REM 4 REM b
60 2.42E-07 1] 5.32E-13 0 7.32E-06 94 0.00E+D0 0 4,12E-06 0
SRG0+D 5.17E-04 98 4.90E-10 59 7.11E-08 0 0,00E+00 0 8.99E-04 a3
. U 23840 2.85E-06 0 3.27e-10 3¢ 3.60E-07 4 0.00E+00 0 1.39E-04 12
1129 2.78E-06 1] 4,66E-12 0 3.10E-08 0 0.00E+00 0 3.22E-05 3
TOTALS INGESTION x INHALATION H EXTERNAL % AQUATIC FOOD % DRINKING WATER %
5.22E-04 32 8.21E-10 0 7 .78E~Q6 1} 0.00E+HIC 1] 1.,07e-03 66
MAXIMUM AMNUAL DOSE SUMMARY FOR THE YEAR 59 FOR  BONE
EXFOSURE PATHWAY
INGESTION INHALATION EXTERNAL KUATIC FOOD DRINKING WATER
RADIONUCLIDE REM 3 REM k4 REM x REM % REM X
L coen 0.008+00 0 0.00E+00 0 7.32E-06 94 0.00E+00 0 0.00E+H0Q 0
3, SR90+D 1.93E-03 97 7.30E-09 57 7.11E-08 0 0.00E+00 .0 3.35E-03 58
o U 238+0 4.81E-05 2 5 .45E-09 42 3 .60E-07 4 0.00E+00 0 2.35E-03 41
1129 9.89E~07 D 1,13E-13 0 3.10E-08 o 0.00E+00 0 1.14E-05 0
TOTALS INGESTION 1 INHALATION % EXTERNAL % AGUATIC FOCD % DRINKING WATER %
1.97e-03 25 1,77E-08 0 7.78E-06 0 0.00E+0 0 5.71E~03 74
MAXIMUM AMNUAL DOSE SUMMARY FOR THE YEAR 59 FOR LUNGS
EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER
RADIONUCLIDE REM % - ReM % REH 9 REM z REM x
; cos0 0.00E+D0 0 2.11E-10 0 7.32E-05 94 0.00EH)Q 0 0.00E+0 0
/ SRE(+D 0.00E+00 1} 2.00E~09 0 7.11E-08 0 0.00E+00 v} 0.00E+00 0
U 23840 (.00E+00 0 2.29E-07 99 3.60E-07 4 0.00E+00 0 0.00E+00 0
/ iiz9 €.00E+00 0 2.59E-11 0 3.10E-08 1] 0,00E+00 0 0.00E+00 V]
o TOTALS INGESTION X INHALATION x - EXTERNAL 1 AQUATIC FOOD % DRINKING WATER %
0.00E+00 0 2.31E-07 2 7.7BE-06 97 C.00EHID [ 0.00EHI0 0

Figure 3.4-8.

Sample Problem Four Output (Continued)

TOTAL
1.60E-03

TOTAL
7.69E-03

TOTAL
8.01E-05
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APPEMDIX L.A CORPUTER COOOE LISTING ~ BIAXIL

SUBROUTINE AFACT(AITIM, AIRFA, ITIME,XDPT)

THIS SUBROUTINE CALCAULATES A RESUSPENSION FACTOR USING THE ANSPAUGH
MODEL WITH A LOWER LIMIT OF 1.0E-9.

Module of MAXIL
Version of 25~APR-84

O O QOO0 00CO0 OO0

DIMENSION AIRFA(50)

[

CONTINUE

IF{AITIM.GT.25) GO TO 10
AIRFA(ITIME) =1 ,0E~4 *(EXP(~2.87*(SQRT(ALTIM))) }+1 . 0E~9
ATRFA(ITIME)=AIRFA{ITIME I *¥XDPT
GO TO 30
10 AIRFA(ITIME)=1,0E~O®XDPT
30 CONTINUE

RETURN

o0 o

END

1.A-10
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MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR

e mgT T

.
EXPOSURE PATHHAY

3

L BT I O v

59 FOR THYROID

.27458 1036

t
i
i
'

INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE REM % REM z REM b4 REM z REM %

Co60 0.00E+00 0 0.00E+00 0 7.32E~06 94 Q.00E+D0 0 ¢.00E+0D 0 :
SRGO+D 0.00E+00 0 0.00E+00 v} T.11E-08 0 0.00E+00 Q D.0CFE+0D 1} l
U 238+D 0.00£+00 0 0.00E+00 0 3.60E-07 4 ¢.00E+)0 [t} 0.G0E+3D 0 '
1129 2.18£-03 100 3.75E-09 100 3.J0E-08 0 0.00E+00 0 2.53E-02 100 i
. ?

TOTALS INGESTION & INHALATION % EXTERNAL % AQUATIC FOOD %  DRINKING WATER % TOTAL f
2,186-03 7 3,75609 0 7.786-06 0 0.00E400 0 2.53€-02 62 2.75E~02 |

MAXIMM ANNUAL DOSE SUMMARY FOR THE YEAR 59 FOR  LLI |
EXPOSHRE PATHHAY i

INGESTION INHALATION EXTERNAL MWATIC FOOD DRINKING WATER !

RADIONUCLIDE  REM % REM % REM z REM z REM %

o o i :
cose 2.306-06 4 4.626-13 2 7.326-06 04 0.00E+00 0 3.90E-05 13 ;
SRI0+D 4.30E-05 87 3.506-12 16 7.116-08 0 0.00E+00 9 6.78E-05 23
U Z38+D 3.606-06 7 1.776-11 8l 3.60E-07 4 0.00E50 0 1.85E-04 63
1129 1.49€-07 0 4.64E-14 0 3.106-08 0 0.00E400 0O 1.736-06 0

TOTALS INGESTION % INHALATION % EXTERNAL % AQUATIC FOOD &  ORINKING WATER % TOTAL
4,926-05 14 218811 © 7.78E-06 2 0.00E400  © 2.956-04 83 3.52E-04

Figure 3.4-8. Sample Problem Four Qutput (Continued)
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AFPERDIN 1.4 COMPUTER OODE LISTIRG ~ MAXIL

C ASUM = ASUM + AUIK)
€ 12 CONTINUE
C 11 CONTINUE

c
4 A(I+3J)=AM(J)-ASUM{JZ,A(JI+1))

c

A(J+I3) = AM(J) - ASUM
C
c AQ(J)=SUMFRD(J,EXPO, A(JJ+1))
c THE YAX HAS A PROBLEM WITH THIS CODE- USR THE FOLLOWING:
c

SUMPR = 0.0

PO 8884 IN = 1,J

JK = JJ + IN

SUMPR = SUMPR + EXPO(IN)} * A(JK)
8884 CONTINUE
AD{J) = SUMPR
S5 CONTINLE

RETURN

QOO0 o O

END

1.A-9
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3.4.5 Sample Problem Five

The fifth and final sample problem is designed to exercise the user-defined
scenario option. This probTem 15 intended to exercise the maximum number
of exposure conditions that can be constderad by the MAXIl program in a
single run. For this problem, the gensral exposure conditions describted in
Sample Problem Four are considered with the addition of ingestion of
aquatic foods (fish obtained from a river) and root penetration into deeply
buried wastes. The radionuclide concentrations in well and river water
defined in Sample Problem Four, are used fo%dfhe Hzﬂfid pathyays. A deep
waste concentrq&jon of 0. Ci/m of each of °“Co, I, and 2o U+D plus
0.001 Ci/m® of bSr+D is also assumed. The site is assumed o cover 1 ha.
The wastes are assumed to be buried for 10 years prior to the start of
farming and they are assumed to be located 1.0 m from the surface. It is
further assumed that about 40% of the roots from ihe garden crops penetrate
to this depth (based on information in Napier 198z:, Fnr the user—defined
scenario, the air concentration used te estimate fuhalation dose is calcu-
Tated using a mass-Toading eyuation instead of the time-dependent resuspen—
sion equation. Also, the individual's total diet is assumed to be grown
using the contaminated water supply. The samplie problem is to determine
the doses to an individual residing on a site containing deeply buried
wastes who also uses contaminated water supplfes. The solution to this
problem is found by running the ONSITE user-defined scerarioc with the
specified source terms and conditions. A summary of the interactive sese
sion used to develop the runstream for Sample Problem Five is shown in
Figure 3.4-9. The output resulting for this sample problem is shown in
Figure 3.4-10. The maximum annual doses resulting for Samplie Problem Five
are about 1.5 rem/yr to total body, 6.2 rem/vr to bone, 2.0 x 10~ rem/yr
to Tungs, 245 rem/yr to thyrold, and 0.43 rem/yr to GI(LLI). Ingestion of
farm products whose roots penetrate the deenly buried wastes control the
doses to totzl body, bone, thyroid. and GI(LLI). The dose to Tungs is
controlled by the external erposure pathway. Hand calculations verifiad
the code operation for the radicactive decay, radionuclide concentrations,
and dose estimates for all of the exposure pathways consicared.
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FFFENDIX 1.A CUMPUTER CODE LISTING ~ KRXIL

SUBRQUTINE ACHAIN(NUC, T.DK.IFRM, AL, M, AQ)

THIS SUSROUTINE IS THE HEART OF THE CHAIN DECAY PROCEDURE.
IT REQUIRES THE COMPLEX INFRASTRUCTURE OF RLIBIN,SETDAT,PADOS.

Mndule of MAXIL
Yersion of 24-MAY-84

QOO0 QOO0

O OO0

QOO0

REAL*8 A(45), SUMPR

DIMENSION DK(2,9),IFRM(2,9) ,AL(9),AM(9), AD(9) ,EXPO(S)

INITIALIZE COEFFICIENT ARRAY TO ZERO

100
Do

NZN=NUC#* (NUC-1) /2+NUC
CALL ZEROR(NZN, A}
DO 100 IJK = 1, NZN
A(IJK} = 0.0DO
CONTINUE

LOOP ON CHAIN MEMBERS, MAX = NUC
D0 5 J=1,NUC

CALCULATE EXPONENTIAL FOR CURRENT NUCLIDE

W N

EXPO(J)I=EXP(-~AL(J)¥*T)

JI=J*(J~1)/2

Jl=J-1

IF(JL.LE.O0} GO TO 4

IMAX=MINOQ(J1,2}

DO 3 M=1,J1

DO 2 L=M,J1

DO 1 I=1,IMAX

IF(IFRM(I,J).EQ.L) THEN
A(M+JT ) =ALN+I ) +DK(L, JYHAL (L)Y *A(MEL® (L-2)/2)

ENDIF

CONTINUE

CONTINUE

A{M+I ) =AMEI ) / (AL{T) ~AL{M})

CONTINUE

CONTINUE
ASUM = 0.0
IF (J1 .EQ. 0) GO TO 11
DO 12 IRAP = 1, J1
JK = 33§ + IRAP

1.A-8
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ONSITE/MAXI

This interactive program will assist you in the creation
of scenarios for assessment of onsite dispcsal of low-
level waste. Dosas to man through the specified pathways
will be simulated by the computer program MAXI.

The foliowing notes may be of interest:
When you have finfshed reading, press <return> <cr>

|y TR WA Vv TR Y Th T W T WA T Th
T e W Sk T WL W WA TH e W W

FREGRLATHERREBIREARR ARG R SR G SRR SFHR ORI IR EBEFAR LGRS BRI EREFERRBGETE Y H
BRRESARPTE AT ERRNRARERPOCLEEEFRF RN CH SR EER RSN PR OERERQLEBETTRFEHHERE

¥ #
# #
# 1) If the default condition §s selacted, you need only #
# press <return>. YES-or~NO questions are designated by 7
# (Y/N)} and should be enswered with a Y or N, The default 4
# condition is always listed first, #
¥ #
# 2} The values you entar will be tested against reasonable 3
3 Timits and §f they are not accepted yvou will be asked to #
# supply another value. ‘ 4
# 4
4 When you have finished reading, prass <return> <cr> #
4 #

BOFER RN ECRE RO RECERRGEFCR RS R LU FINIRE TN E SR ERTENE S RSB ERINERE
P ESdd S g P L f Vi S T T T I P P A P P S L TR P TP T 3 EE

# #
¥ The following scenarios have been defined: ¥
F f
# 1 =~ External exposure #
£ Z - External exposure plus fnhalaticn from resuspension F
¥ 3 - Agricultural activities .
¥ 4 -~ Use of well water for frrigatfon and drinking water #
# 5 ~ User-created scenario F
£ ¥
E £
4 To selact a scenaric or for additional information #
£ on a scenario snter 1, 2, 3, 4, or 5: 5 <cr> ¥
# £
PR S T E T S I I 3 S P N P e S T S S A T AT P Fe I T ]

Figure 3.4~7, Sample Problem Five Interactive Session
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SPPCRDIX 1.A CREEFYTER CODE LISTIRG - MAXIL
C CALCULATE ANNUAL DOSES
¢ CALL ANDCOS(NORG)
DETERMINE MAXIMUM ANNUAL DOSE
CALL MAXDOS({NORG)

PRINT QUTPUT RESULTS PAGE

a0 QOO0

CALL QUTFUT (NORG, IOUT,KORG, YBIO, TBYR, NEXT)

v
C RECOVER AML FOR FUTURE CASES
C
IF(IAIR.NE.12GO TO 180
DO 170 I=1,NONUC
170 AML(I)=AML(I}/(XQSITE*3.175E4)
180 CONTIMNUE

50 FORMAT(20A4)

200 FORMAT(31I5)

201 FORMAT(Z2I5)

202 FORMAT(20A4)

205 FORMAT(1X,I5)

300 FORMAT(AZ2,A6,511,4E10.2)
301 FORMAT(1X,AZ,A6,5I1,4E10.2)

IF(NEXT.GT.1} GO TO 1
G0 70 1

a0 OO

95 PRINT 400
sToP
99 PRINT 600
600 FORMAT(1HL,' DIAGNOSTIC l: END OF FILE ON INPUT, STOP')
STOP
57 PRINT 700
700 FORMAT(' DIAGNOSTIC 2: ERROR ON NAMELIST INPUTY)
SToP
98 PRINT 800,NIN,NMAX
800 FORMAT(1HL,' DIAGNOSTIC 3: ERROR IN NUMBER OF NUCLIDES ¥,
- VINPUT, NONUC=',I3,'MAXIMUM ALLOWED IS,'I4)
400 FORMAT(LML.,'DIAGNOSTIC 4: END OF INPUT FOR THIS RUN, NORMAL t,
YTERMINATION®)

e XeNel

END

1.A-7
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SCENARIO S: User Defined Scanarioc

This scenario defaults to a full year of exposure to
external contamination and a full year of {inhalation.
The user may specify any paramoeters to defins a scenario.

Scenarin 3 {s now selected. Do you wish to change
this selection (N/Y): <cr>»

e VW e Th TR TR W Vi e TR W
Ta e W T e TR Wa W o Wy Ve e

WRREGRRENEGHTRERRURRE RGP FAERENROTTFURLIREREFHGRAGTTEGRERIERISEHEGEIERIVHAN

CREEIREORORE LI IRES SRR EGHI GRS ERRPRPGEER AT AR RIREFENATFHERIRIECHEE AL RATR
¢

Enter a descriptive tftle to fdentify this case:
SRFLE PROBLEM FIVE <cr>

T TV VR W T TR Ve W R Tm W
By Moy Yo WL W Wa Ve T W e ¥y W W

BEELERSEPSECFE LR CRERCEREEREFREN PGSRBS RS EIFETFSP N RBEEE RSP FUARRIEAHE

FEHGBREaSREFEE RTINS R ES NP SRR EREERAT BV E SO R IR QTR ECRT RO R USRS EARH

# ¥
£ This scenario begins 1 years after the waste {s #
# disposed. #
# 4
§ £
# Do you wish to change this value (N/Y)T Y <cr> #
§ Enter new value: 10 <cp> #
¥ #
# #
# This scenario will end 359 years after the waste is ¥
# disposed. OK? (Y/N} <cr> #
[ ¥
# #
£ #
EEESARTERER IR ORI RFROFAE LG LR IR R TR EEECEFEH RS R AR RN EPRERERTIRTRESENF

Figure 3.4-9. Sample Problem Five Interactive Session {Continued)
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PPPEDIX LA CORPUTER CODE LISTING ~ HAXEL

IMPORTANT NOTE: THE ORDER OF NSOLD ON THE IRVENTORY CARDS
ABSOLUTELY MUST MATCH THAT OF THE INFUT ORDER OF KORG
IN THE INPUT NAMELIST!!

DO THE FOLLOWING FOR STANDARD EXECUTION:
IF (NEXT .NE. 5) THEN

CALL IDNUC(NUC,ELT,AW,ELTI, AWI,NIN,NCHN, NFLAG,NFLAGC)
CALL DATE OF RUN

CALL DATE(TODAY)
CALL TIME{CLOCK)

CALL SETDAT TO SET DATA IN CHAINS

CALL SETDAT(ELTI,AWI,NFLAG,NFLAGC:Q,
. KORG, NORG, NSOLD, NTR, QI, A1, RIM,
. QAPR, ISUR)

SET INHALATION DATA ARRAY
CALL INSET(NORG,KORG,NTR,TITLDI)

100  CONTINUE
ELSE

THIS IS SUBSEQUENT BIOPORT RUN, USE SPECIAL INITIALIZATION
CALL RDSUB (Q. QI, QJ, NFLAG, QAPR, RIM)

ENDIF

CALL QAPAGE TO PRINT BACK PARAMETERS USED
CALL QAPAGE(RF1,RF2, INTRUD, IDKWAT, XFACT, IRR, RINH, XDPT, AGE,
-M3M2, KORG,NORG,NTR, TITLR, TITLDT, QAPR, RPF1,RPF2, ISUR, 122,
«XF2, SRDIL » IBIQ, IBYR, TITLIN, NEXT, FRSIZ, AREAIN, AREAEX, ION)

SET AIR CONCENTRATIONS FROM OFF-SITE SOURCES
IF(IAIR.NE.1)GO TO 160
DO 151 I=1,NONUC

151 AML(I)=AML(I)*XQSITE*3,175E4

160 CONTINUE

CALCULATE PATHWAY DOSES

CALL PADOS(XFACT,NORG:XDPT,AGE-IRR»RFI;RFZ;RINH:INTRUD,IDKNAT.
. XF2, RPFl, RPF2, AREAIN, AREAEX)

1.A-6
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# #

# Three types of printer reports are avaiilable: #

# #

# 0- Tables of maximum annuat dose per organ with radionuciide and #

+ # pathway contribution £

# 1- Table above plus annual doses by organ and total #

- # 2~ Table above plus annual doses by organ, pathway aid radionuclide#
# #

# The current selection is: 0 #

# #

¥ #

# Do you wish to change this value (N/Y)? <cr> #

# #

AEFETRREGHBRBABERRR AR RARI TR AR RERRAFRARIR RSB AR EBEE RO R IR LR RS R H
HERERERIEAR R B RE RSB R RERA AR BE R AR IR FAAR R R CREREHRERR R BARE

- # #
¥ In this scenario, wastes may be: ¥

o] # #
# 1 ~-0On surface &

o # 2 -Buried at 0.5 m #
# 3 -Burifed at 1.0 m #

- # 4 ~Stored waste #
oo # ¥
v # Tne current selection is: 1 ¥

' # #
1o} ¥ e X
e # Do you wish to change this value (N/Y)}? Y <cr> #
A # Enter new value: 3 <cr> £

o EES S S EER ST T RS T Faa I3 TS a b A R A PR S S A A T A ]
BRREFRECRR B FRRR R TR RE BRI R R R AR R F ARG I RB RS RER AR ARR SR RE RSN A

B
e

Do you wish to consider external exposure tc¢ surface
contamination? (Y/N) <cr>

9 2

Do you wish to consider external exposure aid crop
penetration to deeply buried waste? {(Y/N) <cr>»

Do you wish to consider farm product ingastion ?

#
#
#
#
#
#
#
#
4
(Y/N) <cr> #
#
¥
¥

#
#
#
z
¥
¥
#
#
#
#
#
#
¥

b B e TSRS S IS S S A IS E I S S S R S R S A d IS A E R

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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AFPEMDIX 1.A CR4FUTER CDDE LISTING - MAXI

C IF NOT BIOFPORT INPUT , DO STANDARD IMVEWTORY INPUT
IF (IBIO .NE. 1) THEN

IF(NEXT.EQ.3) GO TC 100
READ(5,200,END=99) NIN, IRR, IBLOW
IF(NIN,GT.NMAX.OR.NIN.LT.1) GO TO 98

READ{5,300,END=99) (ELTI(I),AWI(I),{(NSOLD(I, 1) ,J=1,5),Q(1),
QI(I},Q3(1),0K(1),I=1,NIN}

ELSE
USE SPECIAL INVENTORY INPUT ROUTINE FROM BIOPORT

IF (NEXT .EQ. 1) THEN
FIRST TIME THROUGH
READ{(5,201) IRR, IBLOW
READ(30,202) (TITLIN(IRAP),IRAP=1,10)
PRINT 202, {TITLIN{IRAP),IRAP=1,40)
ENDIF

READ BIOPORT YEAR FOR REPORTS
READ (30,205) IBYR
PRINT 205, IBYR

USE ALTERNATE INVENTORY INPUT (¥ SIGNALS END THIS YEAR)

NIN=0
I=1

CONTINUE
READ (30,301.END=99) ELTI(I),AWI(I),{NSOLD(JI,I),J=1,5),
Q(Iy, QICI), QI(IJ

PRINT 8801, ELTI(I),AWI(I),Q(I),AST
FORMAT (* AS READ:'IAd'!':"A61E10.3"3'3A41'=')

IF (ELTI(I) .EQ. AST) GO TO 152
I=1+1
NIN = NIN + 1

GO TO 153

CONTINLE

ENDIF

DO 150 I=1.,NIN
Q(I) = Q(I) * SRDIL

150 OQI(I)=QI(II*DILF

1.A-5
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Do you wish to consider drinking water ingestion
from a contaminated weli? (Y/N) <cr>

Do you wish to consider consumption of aguatic
food from a contaminated river? (Y/N} Ler>

W T Wa Ty N U W T W YR % e
T Wy e Ta T T W My We TR W Wy r

e A A L T P I SN T T A s T e
FERRGTREEURS BB R RIS R R RO RR R DO IREREOGGCEAGERUEEERGRFRTNE

£ #
g :1==:sazsnuzﬂaaua::n:msmsanausaﬂ:::Bssz:ll=l==-Bxr.u:uuun:mznsn:uuzs:annnunzax '
é #
# Do you wish to review or change agricultural parameters (N/Y} Y <cr> #
# #
# g
£ f
# #
£ #
3
I
#
#

L R T L e L P O P T P T Y I T Y]

4

#

-3

£
###!#F###§##5}#5#######ﬁi#ﬁﬁ!#f#E#!E#ﬁ##l#f#?!#ﬁ#ﬁf!#ﬂ!!ﬁ##ﬁifl#55£##§#F!#F!
F

¥ F
¥

#

The fractfon of total roots fn top 15 cm of the soil s  1.00
{range = 0.0 to 1.0}

s
#
F
#
-3
F 3
f
f
£
Entar new value: .6 <cr> 4
i
#
]

4
#

¥

#

£

# Do you wish to change this vajue (N/Y)? Y <cr>
5

#

#

¥

¥

S N e T T T L T I R Y P T o

Figure 3.4-9. Sampie Problem Five Interactive Session (Continued)
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APPEHDIX 1.A COMPUTER CODE LISTING — MAXED

IBIC = 0
ION = 0

FRSIZ = 1.0
AREAIN = 1.0

AREAEX = 1.0

RPFl= GLD RPF

RPF2= FRACTION OF TOTAL DIET GROWN OM SITE

RPF=RPF1 : IF RPF2>0. THEN FPF = RPF1¥RPF2
ONLY RPF IS USED IN THE CALCULATION; RPF1, RPF2 USED FOR QA PAGE -RAF

ISUR, 122, AND XF2 ARE THE ONSITE PARAMETERS EQUIVELENT TC XFACT

ISUR = SURFACE CONTAMINATION (U-NOT CONSIDERED, 1-CONSIDERED)
I22 = INDEX OF SURFACE CONTAMINATION SOURCE (0-ISOSHLD, 2-MAXI2)
XFZ = NO,OF HOURS/YEAP. PERSON IS EXPOSED TO EXTERNAL CONTAMINATION

CODE LOGIC HAS BEEN ARRANGED S0 THAT THE USER MAY STILL INPUT "XFACT"
THROUGH NAMELIST. XFACT WILL ONLY BE SET BY MAXI1 IF VALUES HAVE BEEN
INPUT FOR ISUR, IZ2Z, AND XF1

1 READ(5,50.END=99) TITLEL
READ(UNIT=5,NML=1NPUT,ERR=97)
IF(NEXT.EQ.4)G0 TO 95

SET RIM VALUES BY M3M2

IF(M3M2,EQ.}} RIM=0,15
IF(M3M2.£Q.2) RIM=224.

IF ONSITE INPUT, SET XFACT BASED ON VALUES OF ISUR, I22, AND XFz
IF (ISUR .EQ. ©) THEN
XFACT = 0.0
ELSE
IF (122 .EQ. 0) XFACT
IF (XFz .GT. 0.) XFACT
ENDIF

5.844E-11
XFACT * (XF2/8766,)

ton

IF ONSITE, SET RPF ELSE SET RPF1=RPF
IF (RPF2 .GT. 9.) THEN
RPF = RPF1 * RPFZ

ELSE
RPF1 = RPF
RPF2 = 1.0

ENDIF

C READ NEW ISOTOPE SELECTION
C NOTE: SUCCESSIVE CASES USE THE INITIAL INVENTORY

1.A-4
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#
#
#
#

£
#
#
#
¥
#
?
J
#
)

The fractfon of total roots entering the buried waste
below the top 15 cm plow layer of soil is 0.000E+00
(range = 0.0 to 1.0).

Do you wish to change this vaiue (W/Y)? Y <cr>

Enter new valua: .4 <cr>

ey W W Ve W L VR W WE WL W W Ve

EREERECULRERIGRINREFERER BN AR TR B R R SRR BB AR IR RGO RE R LR R RA T RBREFLRAEH

EREBRRCASRR RO BB R ERLRFB R A TS BRAR SR RRL BB ERFRABH B ARARIRRIRAPHARHF

e T e The W N N T e TR R R M

The fraction of the total diet grown on the site is 1.00
(range = 0.0 to 1.2}

Do you wish to change this value (N/Y)? <cr>

T Ve W Ve Ve Y WA TR MR TR R YR

RECRRAERERERRIRERTRERRURIERRRRH AR I RETRARRERS B RRBAHIRA BB IR IR BB REERERREN
FREREETERERRERRRR RN ARG ER IR ERRE SRR OFUBH R HE RO R R ELRERF PRI ABREREB R ERPH

H

#
#
#
£

F
#
£
#
5
#
f
#
E

The irrigation rate in liters per square meter per month is
{range = 0.0 to 1000.)

150.

Do you wish to change this value (N/Y)? <cr>

Figure 3.4-9. Sample Problem Five Interactive Sessior (Continued)
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APEOLIY 1.4

GET DATE AND TIME
CALL DATE(TOODAY)
CALL TIME(CLOCK)

READ MASTER DATA LIBRARY FOR RADIONUCLIDE AND CHAIN DECAY DATA

CALL RLIBIN(TITLR)

READ CASE SPECIFIC INRUT

DEN=100.
IMO=6
IFQgD=1
IARG=1
TWAT=1
IAIR=1
XQ5ITE=(Q .0
TOKAIR=0
RPF=1,
RPFl=1.0
RPF2=0.0
PIRR=0.0
YMLF=0.0]
M3M2=0
DILF=1.0
AGE=-1.0
IDKWAT=0
RI¥=1.0

XDPT=0.067 e

XFACT=1.0
IStk=1
122=1
XF2=0.0
ITi=1
RF1=1.0
RFZ=0.0
RINH=1.0
IEXT=0
INTRUD=0
1T2=50
SRDIL=1.0

KORG(1) =]
KORG{2) =6
KORG(3}=8
KORG( 4} =16
KORG(5)=23
NORG=5

COHPUTER CODE LISTING ~ MANID
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The number of months per year that crops are irrigated is &
(range = ¢ to 12)

o - s

Do you wish to change this value (N/Y)? <cp>»

TS TR VR Y T TR TR YR T W e Wy
Uy W Wy W T W Tk Sk T W e Y

FREERRRA PR REERE IR S B S G R R IRG AR ORREEPFN IR RERABAL LN EGREREEFRSBREPEOCEE GG
RARERRBRAA ARG ER R AR RER SRR SR IR N BB SSECETERRRERSERFSEISCTIFERRELER
The number of years prior to the baginning of dose

calculations that irrfgatfon accumulates radfonuc)ides
is 0 (range = C to 1000)

Do you wish to change this value (N/Y)}? ¥ <cr>
Enter new value: 10 <cr>

BERRERETRTRER R ORI BRI AR RE RSB H LG OO0 MR TROF A RERCERRT RS HRRIEEEERERESEF

Sp Sk SR TR MR SR Th VAR Ya Sh Ve TR e
NN Ve Vn VR TR Ve Y T U YR Uk W

BRERRERRRLRR R ERE R AR A SRS A 0B EERREL ARG IFTUEHRGSETRFFOELBHEUREERHS

# #
# i
# #
# ?
# #
# ========.—..==============z:cz::n::::::::::::n::::|:==tn=z==:=t==s=:=£aazu=#
# #
# Do you wish to review/modify external exposure parameters? (M/Y) <crs> #
# #
# #
# 4
# H
# 3
Ldd F it e F PP I S i S e S SR Y S T R E T ¥ 3 4

figure 3.4-9. Sample Probiem Five Interactive Session {Continuoad)

3.63



.y

3 8

3 3

I 2 4

9 2

oo

o000 O

oOoOaQO0

RN A . e s

B e e SRR AL TR LSRG Maaa MERLTA b - e mm e o A Ay = b g A e+ T a g b bt branbrreAA A S

AFPELEEX 1A COMPUTER COOE LYSTIMG -~ MARI)
COMMON/THIRDS/OK(50) » AML (50 » XQSITE, IAIR, IDKAIR, ISLOW

COMMON/RLIB/ZEL T(300) , AW(300) , TR{300) , NUC, NOH, NCHN( 300} +NOFRUC( 200)
«NCHST(200) » IFR(2,300),DKF {2,300}, IMCH{300)

COMMON/DATAL/ELTO(S50) , AWC(50) , IUFNUC{S0) L NONUC,DK(2,50),
JIFRM(Z2,50),AL(50%,AM(50)} ,S0ILCNR(S0Y, ICHN, ARI(50) ,LAMI (50},
. IFCD, IARG, INAT, RIRR,RPF . XMLF,DILF, IMO, DEN, [EXT

COMMON/ DATAZ/DFDOS(50,50,5) . AIDOS(50,50,5) . INDOS(50,50,%)
LDEXT(50), ARGF{50,50,5) , ARDW{50,50,5),DEDXT(+0}

COMMON/DOSEL/EXDOS(50,50) , AEXDOS(50) ,FDOS(50,10,5)
FADOS(50,50,5),DALOS{50,50,5),

-ARDOS{50,50,5) ,OWDOS(506.50,5)
AFDOS(50,5) , ADADOS(50,5) » ADOS{50,5},
+AARDOS(50,5) , ADWDOS(50,5)

COMMON/MXTIM/MAXTIMIS) JMAXD(5)
COMMON/ JUNK/DDTT, IT) , IT2, TITLEL( 20, TODAY,. CLOCK

DIMENSION KORG(S),HTR(5,50), TITLR{20),TITLDI(15) ,NSOLD(5,50)
DIMENSION TITLIN{4Q)

DIMENSIGN Q(50) LELTIC(50) ,ANI{50)

DIMENSION QI(50),03(50),CAPR{50}

CIMENSION NFLAG(300) ,NFLAGC(200)

CHARACTER AW*6, AWO*6, ANI¥G
CHARACTER AWLS*6, ARX*6 , FHANRE , AKWIE , ARDX %6
CHARACTER DDTT*9, TODAY®10, CLOCK*10
REAL*4 INDOS

DATA AST /%% v/

NAMELIST INPUT PARAMETERS
HAMEL IST/INPUT/IEXT, XFACT, ICUT, ITL,IT2,KORG, NORG, XDPT, NEXT
« » AGE, IFOD, TARG, IWAT, RIRR,RPF , XMLF ,M3M2, DILF, IMO, DEN,
«RFL.RF2,RINH, INTRUD, IDKWAT, TAIR, XQSITE. IDKAIR,
. RPF1, RPF2, ISUR, 122, XF2, SROiL. IBIO,
. FRS1Z, AREAIN, AREACZX, ION

LAST TwQ LINES OF NAMELIST INPUT SPECIFIC TO VAX OMSITE/BIOPORT
VERSION

MAXIMUM NUMBER OF RADIONUCLIDES THAT CAN BE CONSIDERED
NMAX=50

1.A-2
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GREKRBRDREGERRESEPRESRAB RN ERORRITRERIRERAEFRURERLRARERRAIRBAREFTRORERRPRUNEE

Did you use MAXIZ to gensrate a special external exposure
dose rate factor file for this scenario? (default=0)

0 - no
1 -~ yes

Do you wish to change this value (N/Y}? <cr>

W W U TR W Tk Yn TR W Ya T TR VR
T e TR Ve Wh YR Ve VR YR TR TR VR T

EERFREEHEEIHGERERINEIREBEPRARHLIT#ILEREFRTRECRAFEHGHEERARBEHRALEREARERERRAE
BRERFUCEEREBFSESHREER PG RRERTIN B TERRBGNNRERH R GR RN BETRE PR AR SR RREERRR Y

The number of hours of exposure to externa’ contamination
per year is B8.766E+03 (range = 0.0 to 8766.)

—

Do you wish to change this value (N/Y)}?T Y <cr>

Entar new value: 2000 <cr>

By U e TR W, e T W W N W, Bn W
T W TR oy W E TR SA TR T TR W S

PERERREBEIRPIFERELTREGIEARROTERREAFATESRABEGERBERRERIRACRRBCLREESRABHRREREEY
FERECESRRSEARIENGFOREFTOIRRITHEEFERZRRFERESRRGETAELESRRNETERTHARPHCHRNERERRR

f #
z #
H #
g IRt RE R R e N I T L R T L I I N LN N L S S R R RS TR RS EE TR R R EER NS ENESSS g
7 #
# Do you wish %o reviewx or change inhalation parameters (N/Y) Y <cr> #
s #
¥ F
# F
£ #
4 ¥
£ #
# #
T L R T TR T R I3 3L T E S A S F A A i S S a5 P AT 45

Figure‘3.4—9. Sample Problem Five Interactiva Session {Continuad)

3.64



H e - B N LT e

e e o S e R T ] -,.,--.-—y-;a;l

. e by ki ot o o T ea it kst i

"X

37

2453

9 2

4
t

APPERDEX LLA CEAPUTER CIOF LYSTING ~ MANIL

Program Title: HMAXI1
Developed for: U.S. Nucear Regulatory Commission

Office of Nuclear Regulatory Materfal Safety &
Szfeguards
Division of Waste Management
and
Office of Nuciear Regulatory Ressarch
Division of Health, Siting, and Waste Management

Date: May 31, 1984

HRC Contacts: Dr. Stan Neudar (NMSS)
Phones 303-427-4607

Dr. John Randall (NRR)

Phona: 301-427-4633

€ode Developer: B.A. Napfer, R.A. Peloquin, W.E. Kennedy, Jr.
Pacific Horthwest Laboratory
Richtand, WA 509~375-3849 (WEK)

This program was prepared for an agency of the United States
Govaernment. HNelther the United States government nor any agency
theraeof, or any of their empioyees, make any warranty, exprassed
or implted, or assumes any tegal 1iability or responsibilitty for
any thirg party's use, or the results of such use, of any portion
of thiz program or represents that 1ts use by such third party
would not infringe privately owned rights.

PROGRAM MAXI1

(9] QOOOQOOOGOOOOGOOOOOOO00#)0(‘)0000000000?

THIS PROGRAM IS DESIGNED TO CALCULATE ANNUAL RADIATION DOSES FROM
INGESTION, INHALATION, EXTERNAL SURFACE CONTAMINATION,

AND AQUECUS FOOD AND WATER INGESTION RESULTING

FROM RESIDUAL RADICACTIVITY AT DECOMMISSIONED NUCLEAR FACILITIES
AND WASTE STORAGE SITES. '

Version of 25-APR-84 RAP

-———

DOOOO0O00000

1.A-1
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f BRUSREERBE TR BRERTR SRR BN F LRI IS AR RR IR SN EU IO UTRBFECL UL RIFEGOSEERNS
# ]
# #
" # The number of hours of inhalation of contamination #
# per year i{s B,766E+03 ({range = 0.0 to 8766.)} .4
# ¥
# #
it e - - £
# s
¢ Do you wish to change this value (N/Y)? Y <cr> 4
# ‘ ¢
# Enter pew value: 2000 <cr> #
# 4
# #
N LA S b i da F i E 3 PR R S E RS S A A P S e R PR E R EFEE S P T FF ]
. EEe g E e P dd ST S I F AT S S A S EE IS A P E A T L PP P A Py PP P T S
¥ ¥
o # f
# Two resuspension models are available: £
—_— # 1 - Anspaugh #
# 2 - Mass Loading ¥
o # #
' # The selected model is 2 3
# #
ta) § p
# #
~ # #
N # Do you wish to change this value {N/Y)? <cr> [
# #
— R R R RSB RF AR R AR AR RS R R BB FF SRR RERBEER IR L
cq PEFEEEF AR ERT R ERE ARG AR R R R IR RR IR BB ERII R RERFFRREREBRFPAF IR R AR S
# #
Oy # The density of the soil is 1.0E406 grams per cubic meter. #
. 4 {range = 1.E5 to 5.0ET} #
# -4
# #
: ¥ #
: ¥ #
3 # Do you wish to change this value (N/Y)? <cr> ¥
: # #
: # #
L # #
# #
# #
L CEEELT RS I S T A IS PR TR E S S GG E R SRS S I EF F PP FEE S S A S EE N 3

Figure 3.4-9., Sample Problem Five lnteractive Sessfon {Continued)
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~'b
CESORLCERSRi OB RRER 006808800 b0 0CRESFFEONbCEPEETsSRRNaiUteEbsREcREntess
¥ #
] #
# §

4 £ The Mass Loading Factor 1is 1.0E~34 grams per cublc metar, [
# {range = 1.E-7 to C.1) ¥
# #
£ £
£ - ey - #
£ #
# Do you wish to chango this valve (H/Y)T <cry L]
£ #
# ¥
# #
L T AT AT AT S F S I T P S P T TR T T F

O FERRRRERR IR ISR A RE RN ENRE SRS R BRI P EEGEIOBEERFEFINESHTERFCLESAvEERNNES
é £
A

o~ ol s
£ 4
# L N R R N I R T T N S R I R e R A AR N TR P RN C S AN U T AN N R DL XK ‘

e # #

- £ Do you wish to review or change organ parameters (N/Y) <cr» g
# £

o # #
é# £

in £ L
# ¥

K # #
¥ #

™~ FOCRBHEEGRERECERBERRGE AT EERRTISIIELSNEITORERCGERERASHERREERESLSOPSFREE005S

- SRR RS ERRRE ORI IR ECE N EFeR0sFEPRITEFRIETiSHENEETEFIFGIVRERIHISES

N Tre size of the site fn terms of fractional hectares

(fo., 10000 sq m), 1s 1.00 .
o

The inventory will automatically be adjusted by tha
appropriate area correction factor for sach exposure
pathway based on a site size of 1.00 hectsres.

W My Ve TR T Y6 T e R

E#
¥
f
£
#
4
# Do you wish to change this value (N/¥)? <cr>
£
¥
#
#
7
#

z:::zn::#::::::::2:::::zn::zrz::zn:::taa::::2::z::::::ﬂz:::zs::nc::znanz::tmnz f
¥ Do you wish to review or change the above parameters {N/Y) <cr> §
E 3 I 33 E i A P PRSP P P 3 T A P F T S P L I PP A TS L T F T

Figure 3.4~-9. Sample Problem Five Interactive Sessfon {(Continued)
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oxocuticas. Instructions for using these procedures ars given in

Section 3.1.1. The first CCL procedure, named ON, performs the necessary
system-level commands to attach files, connect the files INPUT and OUTFUT
to the terminal screens and executs the ONSITE computer program. The
second CCL procedure. named DONE, selicits a unique filerams and a read-
protaction key from the user. DONE then catalogs the ONSITE~-generated file
with the user-supplied name, rewoves interim files from the user!s work
area, and disconnects the files INPUT and QUTPUT frem the terminal screen.
A third procedure, named SEND, routes an output file from thae batch process
output queue to the Remote Job Entry (RME} printer at the $S5-056 Computer
Operations Faciiity, Willste Buflding, Silver Spring, Maryland. A listing
of the file containing these procedures is located in Appendix 1.D.1.

4.6.2 Software Securtity

A1l files in the ONSITE/MAXIL software package have been protected against
modification, extension, deletion., and performance of control functions by
passwords. These passwords are not necessary for execution of any of the
codos in the OMSITZ/MAXIL software package., Requests for access to the
passwords shot” o be directed tc the NRC Project Manager. Execution files
creatod by ONSITE contain user identification and account information.
These files are protected agafnst read-access by a user-supplied password
as Jdfscussed in Section 3.1.1.

4.6.3 Computer-Code Conversion

Most changes to the codes in the OMSITE/MAXIL software package ware the
result of minor syntax vartfations 1n the hardware and FORTRAN compilers.
The only major change in the CDC version of the software package is the
coding of the module RITFIL of the ONSITE computer code. A listing of the
COC version of RITFIL is located in Appendix 1.D.2.

4,7 Bsferencas

Chapin, N. 1974. "New Format for Flowcharts,” Software - Practine apd
Experience, Yol. 4, pp. 341-357, John Wiley and Sons Litd., London,
England.
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This scenario assumos both surface contamina<ion and
contamination from burfed or storod waste, what is
the retic of waste concentration in the surface to
sebsurfsce satls? {Range = 0.0 to 1.0}

The current selection is: 1.00

s O e 3 e i M e - ——— e - v -

Uo you wish to change this value (/YT Y <cr>

Enter new value: C <cr>

e Wy W T M W W R e e W W M
o, VR PR e T Th b Th e e W Mh Ya

ERREEE SRR IFFRESORIEERRFERNG PRI FERINEGERSERPECRCEILECHIRESLEIREVERFHER
ERBEEYGREFEDRGESRRRES RO SRRIT ARG RN IO REPFOPTRELEECREUGRRESPESSREREGHE
#

LY

The surface/buried tnventory may be entored as:
1 ~ pCt
2 - uCt
3 -nmlt
4 -~
The currect selection fs3 1

i o -

Uo you wish to change this value (WY)T Y <gr>
Entor new valve: 4 <cr»

T OW M W TR TR T W g
W Wy E Ty M e Wy W W e Ty Y

ERELELCRGREFCREFEENERERELTEREARERSNERORERNFIREVEROEEERL R LSRR ORERLEESLENGERE

§££§£§fifﬁfﬁ#fffl!#flfi!####!##i!f#iﬁf&ii##iffiiﬁﬁ!&#ﬂiﬁ#iiii!#!?ﬁf?f#!ifiil
f

# The contamination deposfted on the site at siart of
calculation may bo entered fn tho following untts:

B

0 - Cf /square mater
1 - Ci /fcubfc meter
2~ Ct 7Kg of soil

£
#
F
4
£
4
£
|
¥
b4
Do you wish to change this value (NW/Y}? <cr> #
#
#

£
#
s
F
#
#
¥ The current selection fs: 1
#
4
-
g
f

FRELFRE AL EF TR LR R E RS AP TE IO S eSO FIR I GEFITRRERRESFERNIEFRGH4

Figure 3.4~9. Sample Problem Five Interactive Sessfon (Continued)
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packages are listed in Table 46~-1. Ffiles residing on MFA have bsen backed
up in duplicate on 1ibrary tepes IG55 and K1%16. Files residing on MFZ
have been backad up in duplicate on 1ibrary tapas K1817 and K1918. Backup
tapes wero created with the DUMPT system command., MAXIL, MAXIZ, and MAXI3
were developed on a UHIVAC 11G0/70 computer. The ONSITE computer code was
daveloped on a Zenfth-8% microcoamputer. The software package was ascem-
bleds debugged, and tested on a YAX-11/780 computer.

4.6.1 Command Leval Procedures
Three interactive Cyber Control Language (CCL) procedures have been written

to handle most of the oporating-~system fnterface for the CNSITE/MAXIL

Table 4.6-1. Contents of the ONSITE/MAXI1 Software Packaga

Filenpwa Coepuiter  Identification File Typa
PROCFIL MFA ONSITE Comt.and level procedure
ONSITE MEA CNSITEDB FORTRAN source code
MAXI1 MFA ONSITEDB Batch procass file for
MFZ containing compiila-
tion directives and
FORTRAN source code
MAX1Z MFA ONSITEDB FORTRAN source code
MAXI3 MFA ONSITEDS FORTRAN socurce code
ONSITEABS MFA ONSITEDB Machine oxecutable code
MAXILIABS MFZ ZZRNRC Machine executable code
MAXIZABS MFA ONSITEDB Machine executadle code
MAXI3ABS MFA ONSITEDB Machine executzble code
RMDONS HFA ONSITEDB Sequential data
RMDL 1B MFZ ZZRNRC Sequential data
FILE20 MFZ ZZRNRC Sequential data
FILEZ2]1 MFZ ZZRNRC Sequential data
PLANSCURC MFZ ZZRNRC Sequential data
ROMM MFZ ZZRRREC Sequential data
FILEZ3 MFZ ZZRNRC Sequantfal data
FILEZ4 MFZ ZZRNRC Sequontial data
FILEZ2S MFZ ZZRNRC Sequential data
VOL SQURC MFZ ZZRRRC Sequential data
BURIEDHF MFZ ZZRNRC Sequential data
BURIEDL MFZ ZZRNRC Sequential data
ORGLIB MFA ONSITEDS Sequontial data
FTRANSLIB MFA ONSITEDB Sequential data
GRDFLIB MFA CONSITEDB Sequential data
BIOAC MFA ONSITEDB Sequenttal data
ONFOR MFA ONSITEDB Batch compilation
M2FOR MFA ONSITEDB Batch compilation
M3FOR MFA QNSITEDB Batch compilation
4.25
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The surface/buried {nventory dilution factor fz: 0.20
{range = 0.0 to 1.0E+20)

#
#
¥
#
#
¥
4
#
#
#
# Do you wish to change this value (N/Y)? <cr>
#

#

#

Uy Am W Wi W R T Te W W W N TR

BERORE R AR YRR SRR CER R RGO RE AN SR FRERERER PSRRI TELBEERAFNE AR ARG IR HEER G484
REGRE RO RS REGRRE BN R F IR GRS OB RET ORI R ERECURREEF IR GIREERINRIH R

# 4
# #
# Do you wish to review or change any of the above parameters (N/Y) <ecr> #
# #
# ¥
# #
¥ 7
# Do you wish to review and/or change solubilfty classification #
# for each organ for each radionuciide. The defauli assump- #
# tien !s elements are insoluble for lung and scluble for all #
# other organs. (N/Y) <cr> #
# #
# #
FEERELH R ERFHERCEBRGRIR AR OR SRR TR RO BB R BR SRS RTERE RGO IERBEIEREF

BEFARRR TR R IR TR RN AR QB BB RN E R E AR R DG GRS AF R TG ORA SN EFEARF

"g9" for element namc to signal to the program that

F
#
#
#
#
tnventory. After inputting the fnventory. enter #
#
you are Tinished. #

#

#

SEo=DooomonmEx R N e N T R R I NN T N I S T R s R S S R R e T

Press <return> when you have finished reading: <cr>

W W Wi W Tk T TR W W W PR W W

o W R Ve

b d A I I A T A S R T P S A R S S AT SR EE P ¥

Figure 3.4~-9. Sample Problem Five Interactive Session (Contfnued)
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Table 4.5-1. Additional Parameter Descriptions: MAXIL (Continued)

NAXZLIST
Sat/Rumbar
Paramstor Avray
—Maxan = _Elewcats.  Bata Tvps Dascription
(cont) for ISOSHLD generated file 22); and it

can modify the number of hours of
exposure par year (based on a fuil
year of exposure or B766 h/yr = 1.0),
ONSITE uses the parameters ISUR, 122,
and XF2 to simplify input of this
parameter. MAXIL w1171 calculate XFACT
only if values have been entared in
NAMELIST INPUT for ISUR, 122, and XF2.
This Togic allows the user to enter a
value for XFACT through the NAMELIST
statoment.

Table 4.5-2. Organ Selection

1 « Total body 9 - Adrenals 17 ~ Pancreas

2 - Body water 10 - Testes 18 - Heart

3 - Kidneys 11 -~ Ovaries 19 - GI tract

4 - Liver 12 - Skin 20 -~ Stomach

5 - Spleen 13 - Brain 21 < Small intestine

6 ~ Bone 14 ~ Muscle 22 - Upper large intestine
7 = Fat 15 -~ Prostrate 23 -~ Lower large intsstine
& - Lungs 16 - Thyroid

4.6 CDC Computer-Code Installation .

The installation of the ONSITE/MAXIL software package on the Control Data
Corporation (CDC) computers at Brookhaven National Laboratories is dis-—
cussed in this section. Computer operation-system interfacing on the CDC
computers is largely transparent to the user due to procedures included
with this software package. These command level procedures are discussed
fn Section 4.6.1. Software security procedures established on the COC are
discussed in Section 4.6.2. Conversion of the computer codes for execution
on the CDC {s discussed in Section 4.6.3.

The ONSITE/MAXIY software package is installed on the Brookhaven National
Laboratory CDC 6600 (MFA) and CDC 7600 (MFZ) computors. The package has
been modified tou execute unger INTERCOM Version 4 saftware contrel. The
MFA computer uses the NOS/BE 1 operating system and the MFZ computer uses
tha SCOPE Yersion 2.1 operating system. The source code is compiled with
the FTN5 FORTRAN compiler. The contents of the ONSITE/MAXI sofiware

4.24
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Enter new Z-character element ({99=finishod): CO <cr>

Atomic number input can be up to 6§ characters long.
Include metastable (M) and daughter (+D) designation, (i.e., TELZ7M+D)

Enter atomic number: 60 <cr>»

Enter the quantity of C06C deposited on the site at start of
calculation (units: Cf /cubic meter I 1 .1 <cr»

W Wk T VA W VR VR W Wy Y Ry ok W
Ve Tk W M TR W W W Ye T W TR W

R bR S T T T T L VY R YT LT R Y I Ty
T I I T Y A e L Y Yy e

¥ 7
? #
# To consider only irrigation or only drinking water contamination, #
# enter zero quantity for the other psthway. #
# £
# Enter the concentration of C0OS0 in the frrigation water at start off#
#  calculation (units: pCi/Tliter): .1 <cr> g
¥ 7
# Enter the concentraticn of C060 in the drinking water et start of #
#  calculation (units: pCi/Titer): 10 <¢r> #
# #
¥ ¥
F #

Le i s B S e 8 i H s F e e P EE Y I T LA TR oy
ddddi L B F 1 L D 3 Ty e Py e A AT

# #
# Enter new 2-character element (99¢=finished): I <cr> 4
¥ ' #
#  Atomic number fnput can be up to 6 characters long. #
#  Include metastable (M) and daughter (+D) designation, (i.e., TEI27MD) §
# #
# Enter atomic number: 129 <cr> ¥
# #
# ¥
# Enter the quantity of I 129 deposited on the site at start of #
# calculation (units: Ci /cubic meter ]z .1 <cr> ¥
4 #
# #
e PR T T i R Ry e P L E YR P Ry e

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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Table 4.5-1. Additional Parzmeter Descriptions: ‘MAXI1 (Continuad)

MAMELIST

Set/Husber
Paramater Array
~ane = _Elerenis.
IDKWAT INPUT
INTRUD INPUT
NEXT INPUT
QK {100)
XQSITE INPUT
XFACT INPUT

Rata Type
Integser

Integer

Integer

Reai
Real

Real

1 sy e ).

Descripiion

Decay the irrigation and aguatic food~
release term for ITZ2-ITl vears,
starting at the beginning of the
scenario?

0 - no

1 - yes
(Default value: O)

Special inhalation model selection:

0 - model not selected

1 - model selected {allows a one-year
exposure with annual doses}

(Default value: O

Case control index:

1 - this is the first case: read
1ibraries, NAMELIST INPUT, and
inventory; perform calculations
and prepare for following cases

2 - not used by MAXIl

3 - this is a subsequent case; read
title and NAMELIST INPUT, perform
calculations, and prepare for
following case

4 - end execution; previous
title record was a duimmy record

5 -~ special case handling not used in
this application. .

Atmospheric release source term in
pCi/yr. Not used in this applicatfion.

Chi/q value at the site.
(Default value: 0.0)

This parameter has three functions: {t
can be used to turn off the surface
external pathway (XFACT=0.); it can
modify the units of the surface
external DRF file assigned to Togical
unit 22 allowing use of ISOSHLD
generated files (XFACT=L.0 for MAXI2
generated file 22, XFACT=5.844E-11
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To considor only frrigation or only drinking water contaminatfon,
enter zero quantity for the other pathway.

Enter the concentration of I 129 tn the irrigation water at start of
catculation (unfts: pCi/Titer): .1 <cr>

Enter the concentration of 1 179 in the drinking water at start of
calculation {units: pCi/iiter): 10 <cr>

B W Tk T B WA YR Un Th e Wy W W

BESEERCERIREC TS EN GRS EEHORI RIS IR RUER LT FIRRRRREBEREFIIIRESRERIEE

Rl Bt b L ST F P R F b P e e s 2T

¥

T WA e Ve Y W W MR R T W W

Enter new 2~character element (99=finished): SR <cr>

Atomic number {nput can be up to 6 characters long.
Include metastable (M) and daughter (+D) designation, (i.e., TELZ7M+D)

Enter atomic number: 9C+D <cr>

Enter the quantity of SRO0+D deposited on the site at start of
calculation (units: Ci /cubic meter )} ¢ 001 <cr>

T Ty e e T Th W e TR OTR VR W Wy

e T I I F T e A T T e I T T P P S R g Ty I )]
s I R T F L S T e P P P PN PE 9 31 34 7

kY

#
#
#
£
#
#
£

#
#
#
¥
#
#

#
To consider only frrigation or only drinking water contamination.

enter zero quantity for the other pathway.

#
#
#
#
4
Enter the concentration of SRI0+}  in the irrigation water at start off
caiculation (units: pCi/liter): .1 <cr> g
#
F
#
#
#
#

Enter the concentration of SR9C4D in the drinking water at start of
calculation (units: pCi/liter): 10 <cr>

st S F s b S E S S A P A ST P d E T L3 e T

Figure 3.4-2. Sample Problem Five Interactive Session {(Continued)
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4.5 Additlonai Farsmoter Doscriptions

The Level 3 User may utilize the MAXIL computer code for a wide rangs of
applications. A primary criteria fn the development of the scenarios and
the ONSITE computer code 1s that the code package should be easy to use.
Consequently, some of the options that have 1ittle applicaticn to Tow~
level waste storage are not manipulated by the ONSITE code. The Level 3
User may use these opticons and parameters when manually establ ishing MAXI1
input files. MAXIL parameters not manipulated by ONSITE are l1isted and
described fn Table 4.5-1. Table 4.5-2 lists the organs used by the MAXI1
code and the organ reference index associated with each organ.

Table 4.5~1., Additional Paramcter Descriptions: MAXIL

NASEL IST
Set/Number

Parareter Array

~HMaxs =~ _Elements  Data Type Descripiion

DILF INPUT Real River djlution facrvor in units of
(1/yr}™" to convert input river source
term of pCi/yr to pCi/l.

(Default value: 1.0 - ro modification}

JIAIR INPUT Integer #1i11 there by continuing atmospheric
deposition?

0 - no
1 - yus
(Default value: Q)

1810 INPUT Integer Not used in this application.
(Dafault value: Q)

IBLOW ’ Integer Number of years cuntaminants blew onto
the site prior to the beginning of the
dose calcutation.

(Dafault value: O)

IBYR Integuer Special input/output parameter not used

in this application.
{Default value: O)
IDKAIR INPUT Integer Decay the afr-release source term for

IT2~ITl years, starting at the beyin-
ning of the scenario?

6 -~ no

1 - yes
{Default value: 0)

4.22

D e )

i



{ -0 1

2438

W e e e ¢ vt

Fr E A P A LT LRI DU EE LR B FL I3 07 PRI P S F PP PSP Sl F P S IS 5P 1 1
Enter new Z2-charactsr slemeant {99=ffnfshed): U <cr>

Atomic number input can bs up to & characters iong.
Include metastable (M) and daughter (+D) designation. ({.e.. TE1Z7MD)

Enter atumic number: 23840 <cr>

Enter the quantity of U 238+D deposited on the site at start of
calcuiation {units: Cif fcubic meter }: oWl <or>

T T e Ve T T e TR T WA W Ty
T Sn W VR Th TR PR Y VA e YR W

FECREEGRARESREBCIITGORRTRFRIIFELGBIGHSTRERR SN ECERRRRERGOREEREENIRRFT G HER
FRFERBTORPETREOCRFETEFGROL FG AR ECR B BTN BERBERRERE AR ERRLARTORERFIRERRNE

£

Te =onsidar only frrigation or only drinking water contaminations ¥
enter zero quantity for the other pathway. 4
#

Enter the concentratifon of U 238+D {n the frrigation water at start of#
calculation {unfts: pCi/liter): .1

Enter the concentration of I} 238+0 1n *he drinking water at start of
calculation (units: pCi/Titerr: 10

- S L e - ==

Pt P T

Enter new 2-character element (99=finished): 99

W W T Wy Vi T VR W Wn Wy Tt Ve W

B e Te W W Y YR

bEEd i Tt b S S P A i A s A L d s s st S 4 43 ]
FEARERERCB AR RR IR FR GRS RSN AR IR B ERRARFRERERRARTHER RGBT PR R ISR OR AR

# #
¢ Surface/Burled Drirking ¥
# Ci Irrigation Water #
# Radionuclide /cubic meter Cci 11 ci 2 #
¥ —————— #
# Cc060 0.10 0.10 10. ¥
# I129 0.10 0.10 i0. #
# SR20+D 1.00E-03 0.10 1a. #
# U 228+D 0.10 0.10 10. ¥
# #
# e P e A Y R e e g
# Do you wish to review or change the above  parameters (N/Y} <ci> #
# Do you wish to add radionuclides to the above inventory? <cr>  #
# #

bES S S PR E S A S R I F R A PR S R S A g S A S e R b T

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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Table 4.4~1. MAXI1 Execution File Organization

Eije Position
First nl lines

Following 1ine
Next 1ine
Following n 1ines

Next 1ine

Next NIN Tines

YaciableafDosorintion/Forgat

Logical unit/fi1le assignment statements to
assign the master radicnuclide fila and selected
dose rate factor files for logical units 20-25
and Togical unit 27.

System command to execute MAXI
Identifying titles up to 80 characters
HAMELIST set INPUT as described above

NIN (number of radionuciides, fncluding
daughters) (15}

IRR (number of years of irrigation prior to
calculation) {(I5}

IBLOW (numbsr of years contaminant blew onto
site prior to calculation} (I5)

For each radionuclide n. one line contains the
tollowing information:

AHI(n} ~ atomic element symbol {A2)

ELTI(n)} = atomic number (A6)

NSOLD{1,n) ~ first crgan (Il)

NSOLD{Z,n) -~ second organ (Il)

NSOLD(3,n) third organ (I1)

NSCLD{(4,n) = fourth organ (I1})

NSOLD(5,n} fifth organ (Il)

G{n) ~ contamination deposited on the site
(E10.2) :

QI(n) - river release source term (E10.2)

QJ(n) - drinking-water release source term
(E10.2)

0K(n) - atmospheric release source term
(E10.2)

Note: NSOLD 1s the tramstocation classifica-
tion index for selected organs where:

1 =Class D
2= Class W
3 =Class Y.

4.21
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(This fnteractive sessfon gonerates the fo1?ou1ng file.?

account-name,STMFZ,CMIG0000,EC400,T177.

ACCOUNT, account=-name, problem-number, prob|em~number,
ATTACH, TAPE20,,FILEZG, ID=ZZRNRC.
ATTACH, TAPE21,FILE2], ID=ZZRNRC.
ATTACH, TAPEZ4,FILEZ4, ID=ZZRNRC.
ATTACH, TAPE25,FILE25, ID=ZZRNRC.
ATTACH, TAPEZ22,PL ANSOURC, ID=ZZRNRC.
ATTACH, TRPEZ2T ,BURIEDL, ID=ZZRMRC.
ATTACH, TAPELQ,RMDLIB, ID=ZZRNRC,
ATTACH, TAPEZ3,FILE23, ID=ZZRNRC,

COPY, ABS,LGO.
RETURN, ARS.,
MAP,OFF.
LDSET,PRESET=ZERQ.
LG0,

{eor }

SAMPLE FROBLEM FIVE
SINPUT NEXT=1,

IFOD=1, IARG=1,INAT=1,IEXT=1,

ISUR=1, I1AIR=0,

RIRR= 150.  , IMD=6, RFl=
RPFi= 0. » RPF2=
IDKKAT=0,

AGE=-1, DEN= ,100E+07. XMLF=
1.00

RINH=  ,228B154, DILF=

M3M2= 1, INTRUD=C, 122=0,

ITl= 10, IT2= 59, NORG= 5, KORGf1)= 1, 6, 8,16,23,

SRDIL= .200 » FRSIZ=

AREAEX= 1.006 .
ICUT= 0, 10N=1, $END
4 10
Coao 11311 1.0Q0E-+1l1
I129 11211 1.00E+11
SRO0+D 11311 1.DOE+QQ
U 238+D 22322 1.00EBE+11
feor 1}
feof }

Figure 3.4~9. Sample Problem Five Interactive Session

.10

.10
.10

600

3.72

L200E+H04,

» RF2=
[
.100E-03,
r AF2=
» AREAIN=
10. 0.
10. 0.
10. o.
10’ 0.

(Conti{nued}
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4.4 JInput Ffilg Oraanization

The ONSITE computer progriém relieves ths typical user of the need to be
concerned with the details of input file organization. Only the Level 3
User (see Sections 2.2.2 and 3.1), that is the user who wishes to interact
directly with the MAXIl program to set up unique scenarios, needs further
information about the MAXIL program. The following descriptions will
assist the Level 3 User in setting up proper input for the MAXI1l code. The
information in Section 2.4, Section 4.5, and this section will assist the
tevel 3 User in appropriate parameter selection and organization.

The MAXI1l execution file contalis system commands to assign appropriate
files from the data base and to ~un the MAXI1l code. The file also contains
MAXI1 input; an identifying title, NAMELIST input, and the source term.

The organization of the MAXIl execution file is detailed in Table 4.4-1.

MAXIl uses the FORTRAN NAMELIST set INPUT for emtering parameter values.
For this set, the first NAMELIST record must be blank in column one;
"SINPUT" must be located in cclumns 2~8 and may optionally be followed by
data ftems. The data items are separated by commas and the last {tem must
be followed by "SEND". The data ftems must have one of the three following
forms:

(1} Parameter Name = Constanf. The parameter name may be either

subscripted or not.

(2 A = § + The number
of constants may be less than. but not greater than, the number of
elements in the array, and must be in the same order as the array
is stored, 1l.e., the first subscript changes most rapidly.

(3) Subscripied Parameter = Set of Constants (separated by commas).
The set of constants will be placed in consecutive array elements.,
starting with the element designated by the subscripted parameter.

Dats {tems that are sat via the NAMELIST statement are identified in
Table 3.2.2~1 and Table 4.5-1 by the name of the sot {e.g.,» INPUT) in the
second <ol umn.

MAXI1 can handle consecutive cases in an execution. FEach case is preceded
by an 80-character one-1ine titie, and NAMELIST statements and parameters.
The originr1 inventory is used in al1l subsequent cases. The parameter NEXT
handles successive cases. The end of the run is signaled by a dummy title
record and the NAMELIST INPUT parameter set to 4. The output from the
ONSITE sample problem interaction sessfons are examples of MAXIL input
file organization (see Figures in Section 3).

4.20
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MAX] ~ Maxlmum Arnual Dose Calewlation Yersion YAXZ.D 25-4P%R-Bd4

Case titloiSAMM

RADJONUCLIBE CHATIN LIURARY USED;
DGSE FACTOR FILES USTL FOR THIS CASE:
$20 FOUD-LEAF :
21 FOOB-30ILs
*22 SHALLOW EXTERNAL :
*23  DACRIN-INHALATION:
*24 MIRRG-FISH)
25  ARRRG-ORINX HZG:
BZ1 1SOSHLD EXTERNAL: OmSI

Exccuted an 11-MiY-(4 pt 13:42:258
E PROBLEM Y IYE

----------------- e -

RAGIGHICL IDE PASTER DATA LIBKERY ‘w TRAWILOCATIun QLASES, 6-APR-84 RAP

Leat Ingremantal Pose Factors for tha ONSITE/EIORCRT

551, Incromeatal Dose Factors for the ONSITESBIGRORT
CNSITE/ZBICPORT EXTERNAL CRFS FOR SURFACE (PLANE SOUR

D05} DOSE INCREMENT FILE ONSITE/BIOMET ERV. 16-APR-84 RAP
Incramontal Aquatic Foods Dose Factors - OASIVEZBIOP
Incremontal Orinking water Ocse Factors - ONSITE/BIO
TE/BICPORT EXTERNEL ORF (BURIED A7 1.0 W) 9-AFR

DOSES CALCLATED FREM 10 YO 59 YEARS FOLLOWING TIME ZEROQ

PATHWAYS IRITIAL1ZED FOR DOSE CAL;’JJLAT}ONS:

FARM PRODUCT IMGESTION:

SPECIM. PARNETERS INITIAL IZED:

INHALATION OF RESUSPENGED WMATEHIAL:CN

KUATIC FOODS INGESTION:
ORikx NG WATER [HGESTION:

CONTINUIRG ATMOSPHERIC CEPQSITION OFF

EXTERNAL FROM BURIED WASTES
EXTERNAL FROM SURFACE DEFQS

FARM PRODUCT PARAMETERS USED:

o
o] INVENTORY OILUTION FACTOR: Z.00E-01
ON BECAY OF RIVER KELEASE SOURCE TEF™ NOT PEATORMEL
CECAY OF AR RELEALE SOURCE TERM ROT PLRFGRMED
Ok SITE x/Q: 0.00F+00
vt o SPECIN. INHALATICN VODEL NOT USID

SIZE GF TME SITE: 1.00000 FRACTIONAL MECTARES
INTERNAL FATHWAY AREA CORRECTICH FACTOR: 1,00Z+00
EXTERMAL PATHMAY PREA OXFIECTION FACTOR: 1.00E4Q0

FRACTION OF RCGOTS [N UPPER SGIL: 0.6CE+G0 IRRIGATION RATE: 1.50E+Q2L/Me*2/NQ
FRACTION OF ROGTS Ih BURIED wASTE 0.40E+00 HBCHTHS PER YEAR IRRIGATED: &
FRACTION GF TOTAL DIET GROwN ON SITE: 1.00E+00 RIVER QJLUTION FACTOR: 1.00E-COYR/L

EXTERNAL EXPCSURE PARAMETERS LSED:

YEMS OF IRRIGATION WITH COMTAMINATED WATER PRIGR TO

THE OS5 CALLULATIONS: 10

RATIO 17 EXTERNAL OCNTAMINATION IN SURFACE SOIL TO SUBSURFACE S0IL  0.00E+00

KUMBER OF HOURS OF £XPOSURE

TO EXTERNAL  CONTAMINATICN 2,.008403

SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIFICATION FACTGR: 5.844E-11

IHHALATICH PRRAMETERS USED:
MODIFICATION FACTOR » RINH:

2.286-01

(EQUIVALENT TO BREATH ING RATE OF 230 CC/SEC FOR 2000, W/YR)

RESUSPENSIOR MODEL USED FOR

CALCULATING AIR COMCENTRATION: MASS LOADING

SOIL DERSITY, G/M¥23: 1.00E+06
MASS LOADING FACTOR, G/M*®*3; 1.00E-04

ORGANS FOR WHICH DOSES ARE CALCULATED

(SAME ORDER AS SOLLBILITIES GIVEN BLi nw):

TOTAL BCCY BOME LUNGS THYRQIO GI-LLY

Figure 3,4-10. Sampie Problem Five Qutput
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Table 4.3-5. ONSITE Data Constants

A PR TR .5‘1

Constant Eodule

;‘E Rimeny Constn Locabion Daseriptian
; SCRN 1 ONSITE Logical unit number of the
g . CHANGE computer terminal.
ouT 7 ONSITE Logical unit number of the out~
“ put. ¥ile from ONSITE.
XFACT 5.844E-11 SCENR Unit conversion factor:
the/yr/mrem) (¢i/pCi) 0.165.
DILF 1.0 SCENR River dilution factor.
INTRUD 1 SCENR Special inhalation model option
not manfpulated by ONSITE.
UNITS(2,3) "/square meter® ONSITE Source~term input units
o0 "/cubic meter® corresponding to the index
"/Kg of sgil™ M3MZ.
A
ORG(23) "organ name" RADIN Organ titles for transloca-
. tfon class review: Morgan
name" arranged as fndexed in
N Table 4.5-3.
o ANS(2) W{N/YIY OPTIOM Default response logically
“iY/Nw selected for pathway selec-
1 ticn based on the value of
the option flag.
N
EXTFAC "0n Surface' ONSITE Description of waste location
o™ "Buried at 0.5 " for external exposure calcu-
: "Buried at 1.0 m" lations.
- ¥Stored Waste"
N NYU UaCi®  YmCiY ONSITE Bescription of input unit
o o3 LU o A selection for source term.
NYUNIT 1.0 ONSITE Socurce~term input units modi-
1.0 x 103 fication factor, corresponds
: 1.6 x 103 to constant NYU.
' 1.0 x 10
[
¥
w3
-~ - ‘\\\ f —
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RELEASE TERMS
NUCL IBE

0 60
SR 90+D
U 238+D
I 129

9 2

ORGAN SOLLBILITY CLASSES

Ay b=
S e
[XERETON

gy bt
R R g

SOIl. SOURCE  IRRIGATATION/AGUATIC DRINKING WATER

(PCL/Mn3)

2.00E+10
2.00E+08 -
2.00E+10
2.00E+10

|

0 4

(FCI/L )

1.00E-01
1.00£-01
1.00e-01
1.00E-01

(PCI/L)

1.0CE+01
1.008+0])
1.00F+Q1
1.00E+01

ATM, RELEASE
(CI/YR)

0.00E+00
0.00E+00
0.00E+00Q
0.00E+00

FREERERXERRNERLERROAPLEASE NOTE ANY SPECIAL CONSIDERATIONS IN THIS SPACEX#¥XXRNER¥ausbrrsxwk

*
*
*

*
*
*

ERE RN A E NN RN EE RN N N AN R RN AR RN AR AR RN TR AN AR E N R N AN E RN RRRRERRFERREERREN RN F AR

/78>

RADIONUCLIDE

0o 60
SR 90+D
U 238+D
I 129

RADIONUCLIDE

Co 60
SR 904D
U 238+D
I 129

SOIL,AIR, AND WATER CONCENTRATION SUMMARY FOR THE YEAR

SURFACE SOIL
PCI/M2

4.89E+02
8.58E+02
9.90E+02
9.90EH)2

SOIL, AIR,

SURFACE SOIL
PCI/M2

6.38E+02
2.80E+03
5.40E+)3
5.,40E+03

DEEP SOIL
PC1/M3

5.35E+09
1.57E+G8
2,00E+10
2.00E+10

AIR
PCI/M3

3.,26E-07
5.72E-07
6.60E-07
6.60E-Q7

IRRIGATION
PCI/L

1.00E-01
1.00E-01
1.00E-01
1.00E-01

AND WATER CONCENTRATION SUMMARY FOR THE YEAR

DEEP S0IL
PCI/M3

B.36E+06
4.76E+07
2,00E+10
2.00E+10

AIR
PCI/M3

4.26E-07
1.87E-06
3.60£-06
3.60e-06

IRRIGATION
PCI/L

1.00E-01
1.00E-01
1.00E-01
1.00E-01

10

DRINKING WATER
PCI/L

1.0CE+01
1.00£+01
1.00E+01
1.00E+01

59

DRINKING WATER
PCI/L

1.00E+01
1.c0E+CL
1.00E+01
1.00e+01

Figure 3.4-10. Sampie Problem Five Qutput (Continued)
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Tab" e 4 l3"5 -

Constant Hodule
—tawa..  Copstapd Value  Lecation
Unnamed 10 RLIBIN
Unnamed 20 DFREAD
Unnamed 21 DFREAD
Unnamed 22 DFREAD
Unnamed 23 INSET
Unnamed 24 DFREAD
Unnamed 25 DFREAD
Unnamed z7 DFREAD
Unnamed 30 MAIN
Unnamed 40 CUTPUT
4,18

MAXI1 Data Constants (Coatinued)

Dasoription

Logical unit number of the master
radionuclide library.

Logical unit number of the leaf-
mechanism dose rate factors file.

Legical unit number of the soil-
mechanism dose rate factors file.

Logical unit number of the surface

extarnal exposure dose rate factors

flle.

Logical unit number of the inhala-
tion dose rate factors file.

Logical uni{t number of the aquatic
foods dose rate factors file.

Logical unit number of the
drinking-water dose rate factors
file.

Logical unit number of the buried-
waste external-exposure dose rate
factors file.

Logical unit number of the inven-
tory file. This is used only when
IBIO=1.

Logical unit number of output
plot/summary file. This is used
onTy when IBIC=1.
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SAMPLE PROBLEM FIVE

MAXEMUM ANNUAL DOSE SUMMARY FOR THE YEAR

o
L
G

MAXI, Yersion YAX2,Z 25-APR-B4 expcuted on 11-MAY-B4 at 13:48:2%

30 FORTOTAL BODY

FXPOSURE PATHWAY

INGESTION INHALATION EXTERNAL ACUATIC FOOD URINKING WATER

RAUTONUCLIDE REHW 5 REM b REM 4 REM X REM %

Co60 8.860-04 G §.166-12 & 2,10E-05 90 Z.048-07 0 4.12e-06 0

SR90+D 1.082+00 71 2.51E-09 59 5.05E-08 4 Z.58E-05 92 7.60E-04 81

U Z38+0 1.25E-0 8 1.65E-09 39 2.37E-06 9 1.45E-06 5 1.396-04 14

1129 3.11E-01 20 2.3¢8-11 0 1.60E~08 0 4.18E-07 1 3..28-05 3
TOTALS INGESTION S INHALATION X EXTERNAL % AUATIC 000 8 DRIKKIKG KATER %

1.52E+00 99 4,20E-09 Q 2.33E-05 0 2.76E-05 0 9.35E-04 0

MAXTMUM ANNUAL DOSE SUMMARY FOR THE YEAR 30 FCR DONE
. EXHISURE PATHRAY

INGESTION IKHALATION EXTERNAL AJUATIC FOOOD DRINKING WATER

RADIOMUCL IDE REM % REm % REM x HEM X SEH |3

Coso 0.00E+00 0 0.00E+00 & 2.16E-05 %0 0.00E+00 0 C.00£400 5}

SRG0+D 4.02E+00 64 3.75¢-08 57 5.05E-C8 0 9.526-05 79 2.838-03 54

i+ 238+ 2.11E+00 33 2.726-08 4z 2.27E-36 g 2.4LE-05 26 2.35E-03 45

1129 1.}1E-01 1 5.74E-13 0 1.608-08 G 1.48E-07 0 1.148-04 0
TOTALS INGESTION 5 IRHALATICH % EXTERNAL 3 MIUATIC FOUO & DRINKING WATER X

6.24E400 99 6.47E-08 0 2,33E-05 0 1.20E-04 ¢ 5.198-03 0

MAXTMIH ANUAL DOSE SUMMARY FOR THE YESR 10 FOR LUMGS
EXPQSURE PATHWAY

INGESTION INHALATION EXTERNAL AOUATIC EQOD CRINMIRG WATER

RADIONUCL IDE REM % REM S RTH E REW % HEW ]

CoLo 0.COE+00 0 4,19E-10 0 HRI LT 38 0.0GE+00 0 0.0CEA00 ¢

SR+ 0.00E+00 0 1.38€-09 i 2,428~ 3 0.00E+00 0 0.CCE+00 ¢

U Z38+0 0.00EHG 0 9.20E-G8 &1 2. 15E-0% 1 0.00E <00 o 70800 ]

129 9.00E+00 4 3.796-11 0 5.680-09 0 c.oGe-0p ¢ B.4ECO 0
TOTALS INGESTION 3 IRHRLATION 8 ExXTERKAL b4 MRUATIC FOOD & DRINRING WATER %

0.0CE +00 0 2.44( 08 a9 2.00E-04 99 0.0GE+0Q G 0.06.+00 i}

Figure 3.4-10,

Sample Problem Five Output (Continued)

TOTAL
1.52E400

TOTAL
6.25E400

TCTA,
2.01£-04
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Constant
—Nsma . Constask Value
[y
ONAME (R) torgan name*
Unnamed 1.0 x 1079
Unnamed 0.15
Unnamed 3.15 x 104
N Unnamed 3.175 x 10%
o -4
Unnamed 1.0 x 10
w— Unnamed -2.87
o
1oy Unnamed 5.844 x 107}
ey
Unnamed 1.0 x 10'3
o™
- Unnamed 2.635 x 106
N Unnamed 365.25
o Unnamed 0.693
Unnamed 5
Unnamed 6

Hodule
Location

oUTPUT
QAPAGE

AFACT

MLOAD

SOLCON

MAIN

AFACT

AFACT

PADOS

PADDS

PADCS
SETDAT
SETDAT
MAIN
QAPAGE

QUTPUT
PNTO

4.17

Table 4.3~5. MAXI1 Data Constants

Dascription

Organ tities for report: torgan
name' as it appears in Table 4.5-3.

Rasuspsnsion factor after 17
years, in units of m™*, used with
Anspaugh model. {See Equation 2.7)

Correction factor for units
in PADOS with SOILCN 1n pCi/m@.

Alr concentration time and deposi-
tion veigfity conversion factor:
3.15 x 10’ sec/yr x 1.0 x 10

m/ sec.

Air concentration conversign
factor from Ci/yr to pCi/m”,

Resuspension factor - Anspaugh
model. (See Equation 2.7)

Effective decay constant used in
the Anspaugh equation. (See
Equation 2.7)

Unit conversion factor: ({rem/mrem
(hr/yr} {(C1/pCi) {(m</0.15n).

Air depuvsition veloclty for
all resuspendsd particles, m/sec.

Number of seconds fn a menth.
Number of days in a year.
Natural leg of 2.0.

Logical unit number of the input
file.

Logical unit number of the input
fite.




PSP

TR

D

921 245811 96 ' r

SAXTHUM ShNUAL DOSE SUMAARY FOR THE YEMR 17 FOR ThTRQID

|
FAPISURE PATMWAY ;
INGESTION INRAL ATIOM EATERMA METIC FLD TR InEING WATER i
PARIOMULIDE  RiM 2 REM 1 REW 3 REM % REM H i :
————— . - - ——— —— . ———— :
Co60 0.005e00 0 0.0C0E+00 0 8.328-08% g7 8.001+00 0 CLEe00 O P
SE0G 0.00F «£0 ¢ 0.00E+00 i 3. 4% 58 0 0.05E400 9 D.L0Ie0G 0 n
U 238+0 £.00£+00 0 0.60E 100 0 2.19%-0¢ ? 0.008+00 0 0.00f +00 0 :
1179 2.458407 100 1.096-08 100 9.7%E-C9 n 3.25(-D4 100 2.53-02 )00
TOTALS INCESTION % JNHALATION & EXTERNAL 1 HUATIC FOCO £ OO INRING KATER % TOTAL
2.458+02 99 1.09F 0a f 8.54E-05 £ 3.256-04 0 2.53E~02 0 2.450402

MAXTMIN ANNUAL DOSE SUMMARY FOR THE YEAR 1D FOR  LL1]
EXPOSURE PATHRAY

INGESTION INHALATION EXICRNAL ADUATIC FOOD DRIN®ING WATER

RADIONUCL IDE REM ] REN 3 REM "% RES L4 REH 4

cono 3.A7E-01 & 345732 7 1.980-04 %8 1.530-06 3 3.51E-05 13

SROG0 1.73-01 30 1.088-11 3 2.426-08 0 .28 -0 5 & IBE-O5 23

U 2350 1.67£-01 38 3.09€-11 63 2.15E-08 1 LLHE-{A b} 1. 56004 &1
11y §,678-02 3 8.395-14 4 5.680-0% 7 2.248-08 0 1.736-G6 ¢ .
TOTALS INGESTION x INHALATION 5 ERTERNAL % AOUATIC OO & CRINKING WATER % TOTA. i .
[

4,306-01 99 4.53€-1) [ 2.005-04 0 6.170-06 [+ 2.95E-C& ¢ 4.31E-0]

Figure 3.4-10. Sample Problem Five Qutput {Continued)
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Table 4.3-4, ONSITE Common Block Oefinitfon and Usage

Comseon
Block
Mrma Yartablos tleest by Bodule
AREA FRSIZ AREAEX ONSITE
AREAIN RITFIL
DESC TITL(20) ONSITE QUANTI CHANGE
UNITS(Z,3) SCENR RiFFIL STLECT
MYLI{ 5) MODIF OPTION GROUP
RADIN INTRO
FLAG ISUR ONSITE QUARTI CHANGE
IRS SCERR RITFIL SELECT
ILoC MODIF CPTION GRLUP
INUT RADIN INTRO
INY NIN ELTYILOM ONSITE INTRO
ARWI(100) aK{ico} SCENR CHANGE
NSOLD(5,100) MODIF SELECT
Q{ 100} RADIN GROUP
Qr{ipon QUANTI OPTION
QJ(105} RITFIL.
IOVAR SCRN OWSITE QUANTI SELECT
ouT 3CENR RITFIL GROUP
QUTFIL MODIF OPTION
KEY INTRO CHANGE
YARYBL IFOD RIRR ONSITE
RPF IMG SCENR
RF1 RF2 MODIF
IARG IWAT RADIN
IDKWAT IEXT QUANTE
IAIR XQSITE RITFIL
JIDKAIR XFACT OPTION
AGE XDPT INTRC
DEN XMLF CHANGE
RINH DILF SELECT
M3H2 INTRUD GROUP
Imn itz
NORG KORG(5)
ouT KEXT
RPF1 RPF2
xF INHAL
IRR SRDIL
NVURIT(4)

L I N I R N N N R N S Y XL ]
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3.5 Error and Racavery

To further ease the user interaction with the ONSITE/MAXI1 computer programs
error-checking and recovery capabilities have been added. The following
paragraphs describe the error and recovery procedures that have been built
into the ONSITE/MAXI1 computer program.

3.5.1 Error and Recovery — ONSITE

ONSITE has extensive error-checking and interactive recovery capabilities.
Most input values are tested against minimum and maximum allowable T1imits.
If a value does not fall within the allowable 1imits, the user is asked
immediately to reenter that value.

ONSITE will display error messages if an invalid file name is selected by
the user or ff the program is enable to locate and access a data base file.
The following messages are displayed by ONSITE. Details of the ersor
condition are discussad and appropriate corrective actions are suggested.

“"Error opening radfonuclide Tibrary.” The program could not access the
radionuclide Tibrary, RMDONS. Refer this problem to the person matntaining
tha ONSITE/MAXI1 computer package.

"Premature end-of-file discovered in 1ibrary." The program erpected addi-
tionel data in the master radionuciide 1ibrary, RMDON3S. Refer this probTem
to tho person maintaining the ONSITE/MAXI1 computer package.

3.5.2 Ervror and Recovery - MAXII

MAXI1 generates the following error messages 1isted with the source-coue

module in parentheses. Extended explanations and corrective actions are
included, if applicable.

DIAGNOSTIC 1: END OF FILE ON INPUT, STOP (MAIN). The program expected
additional input. Suggestion: check use of variable NEXT.

DIAGNOSTIC 2: ERROR ON NAMELIST INPUT (MAIN). The program encountered an
error while reading the NAMELIST. Suggestions: check spelling of variable
names, check for proper punctuation. verify that column one is blank in
each record, and check for “$END" terminating statement.

DIAGNOSTIC 3: ERROR IN NUMBER OF NUCLIDES. INPUT, NONUC= nl, MAXIMUM
ALLOWED IS n2 (MAIN}. The prugram attempts to read NONUC radicnuclide data
records. Suggestions: wverify that NONUC equals the number of radionuclide
inventory records, check that NONUC is not greater than the maximum
allowed, and verify format of NONUC record (I57).

3.77
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Table 43-3. MAXIL Common Block Definition and Usage (Continved)
Cormmon
Bleck
- Kame —Yarlghles . _Usod by Module
FREAD ELTLS(1I00) NYRL MAIN
ARLS{100) NYRS DFREAD
ELTX(100) HORGL SETDAT
AHX(L00} NORGS
DFXT(100} NISOL
ELTA(L00) NISO0S
AWAM(I0Q) NYRw
ELTW(109) KYRA
AFW(LO0) HORGH
<T ELTDX{L00} NORGA
AWDXL10) NISOW
o~ DFDXT(100) NISOA
N NISODX
JUNK Do MAIN PADOS
— imn . ANDOS QAFAGE
IT2 MAXDOS
o TITLEL{20) QUTPUT
1 MXTIM MAXTIM(S) MAIN
MAXD(5) MAXDOS
T OUTPUT
o~ RLIB ELT{300) NCHST(200) MAIN
AN(30D) IFR(2,300) RLIBIN
— TR{300)} DKF(2,300) SETOAT ~
Nue IMEM(300)
™~ NCHN(300) NCH
NOFRUC(200)
m .-.Il.'..'.llIt..“..-'l.lIt..Q.‘...'C.I.I."..lll....lﬂc.
THIRDS GK(50) IAIR MAIN QAPAGE
AML (50} IDKAIR AIRDIS SETDAT
XQSITE IBLOW PADOS
TITLS TIT20(13) TITZ24(13) DFRE AD
TIT21(13) TIT25(13} QAFAGE
TIT22(13) TIT27(13)
*
4.15
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CIAGNOSTIC 4: END OF INPUT FOR THIS RUN, NORMAL TERMINATION (MAIN)}. This
ressage is not an error condition; this message fs printed to indicate a
successful completion of the execution.

DIAGNOSTIC 5: DECAY CHAIN nl HAS IMPROPER ORDER. CUPREMT MEMBER IMDEX IS
n2. (RLIBIN}, This message indicates a problem with a decay chafn organi-
zation while reading the master radicnuclide library. Its occurrence
fndfcates that (1} an unsuccessful update was made to the library. or (2}
that the file has been corrupted. In efther case, refer the problem to the
persoh maintaining the data base.

DIAGHOSTIC 6: IMPROPER RUIMBER OF MUCLIDES IN MASTER LIBRARY, NUC = n
(RLIBIN}. The program expoctad to find n records in the radfonuclide
master library. This message fngicates that 1) an unsyccessful update was
made to the library, or (2} that the file has beon corrupted. In efther
case, rofer the problem to the psrsen meintaining the cata base.

DIAGNOSTIC 7: END OF FILE ON MASTER LIBRARY UNIT 10. STOP (RLIBIN). The
pregram expected additional records in tho master radionuclige ltibrary.
This message fndicates that (I) an unsuccessful upGate was made to the
Tibrary, or {2} that the fiie has been corrupted. In efther case, refer
the problem to the personm matntafning the data base.

DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD CUT OF BOUNDS followsd by five
values which are:

First value
Second value
Third valee
Fourth value
Fifth value

(NISOL) number read in File 20 for leaf DiFs.

(NISOS) number read in File 21 for sofl DRFs.

(NISOX} number read in Fi{le 27 for oxternai-exposura DRFs.
(NISOA) number read fn File 24 for agquatic-food DRFs.
{NISOM) number read in Fiie 2b% vor drinking-water DRFs.

LI I B A |

(DFREADY. There 1s an error in oneo of the dose rate facter files. The
number of i{sotopes 1isted in the file does not agree with the specified
number also read from the file.

DIAGNOSTIC 9: NUMBER CF YEARS FOR DFREAD OUT OF BOUNDS followed by four
values which are:

First value
Second value
Third valua
Fourth value

(NYRL) number read in File 20 for leaf DRFs.

(NYRS) number read in File 21 for sofl DRFs.

(NYRA) number read in File 24 for aquatic-food DRFs,
{NYRW)} number read in File 25 for drinking-water DRFs.

1

(OFREADY. One of the dosa rate factor files is fn error. The number of

years listed does not correspond to the number of years specified in the
beginning of the file.

3.78




Table 4.3-3. MAXI] Common Block Dafinttion and Usaga

Corzon

Biock

Hren Yeriahios, ~Azed by Hedule

DATAL ELTO(50) IFOD MAIN
AWO(50) IARG AIRDIS
IOFNUC(S50) INAT ANDOS
NORUC DK(2,50) DFREAD
IFRM(2,50) RIRR INSET
AL (50} RPF OUTPUT
AM(50)} XMLF PADQS
SOILON(SD) DILF QAPAGE
ICHN IMO SETDAT
AMI(50) DEN SOLCON
AMI(50) IEXT WATCR

DATAZ DFDOS(50,50,5} MAIN
AIDOS{50:50,5) INSET
IHDOS(50,50,5) PADGS
DEXT(50) SETDAT
ARGF(50,50,5)

ARDW(50:50,5)
DEDXTI50)

DOSEL EXDOS{50,50) MAIN
AEXDOS(50) ANDOS
FDOS(50,50,5) ®AXDOS
FADOS(50,50,5) CUTPUT
DADOS(50,50,5) PRDGS
ARDOS(50,50,5)

DWD0S(50,:50,5)
AFDOS(50,5)
ADADDS(50,5)
ABOS(50,5)
AARDOS(50,5)
ADWDOSI50,5)

4.14
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DIAGNOSTIC 10z HKIBSBER OF CRGANS QUT OF BOUMDS FOR DFREAD followed by four
values which ara;

First valua - (RORGL) numbar read fn File 20 for loaf DiFs.

Second valuo = (NORGS) nusber read ¢n File 2} for sofl DRFs.

Third value (RORGA) number read in File 24 for aguatic-food DFs.
Fourth value - (HORGH) number read fn File Z5 for drinking-water ORFs.

(DFREAD}. One of tha dose rate factor files is fn error., The number of
ocrgans listed doos not correcpond to the number of crgans specified at the
buginring of the §file.

CIAGNGSTIC 11: UNIDERYIFIED NUCLIDE name (IDNUC). The program did not
find a radionuclide with this name when it checked the master radionuclide
tibrary. Suggestions: check spelling of name and verify that “name" is
fncluced in the master radionuclide library (checking both scctions of the
itbraryl.

DIAGROSTIC 12: THERE ARE UNIDENTIFISD NUCLIDES, ISTO® = n (IDNUC). This
message will appear after Diagnostic LLl, glving the total number (n) of
radionuci ide namus that wore not idantified in tho master radionuciide
Vibrary. The program will not oxecute until all name discrepancies have
beon rescived. Be sure to change the number of radionuclides (NONUCY 1f
any radionuciides are eliminates at this time.

DIAGHOSTIC 13: TOO MANY NUCLIDES ATTEMPTED IN SUBROUTINE SETDAT. INUC = n
(SETDAT). More than the maxfmum allowablie numbar of radfonuclides ware
ancountersd. This may have been caused by the automatic buflaing in of
daughters irto the decay chain by the progran.

DIAGNOSTIC 143 TEST INUC.NE.NONUC=END - PNTO (PNTQ). This error condition
occurs when number of radionuclides encountered does not equal the maximum
fndex set.

3.6 References

Napfer, B. A., R. L. Roswell, W. E. Kennady, Jr. and D. L. Strenge. 1980.
ARBRG and FOOD -~ Computer Programs for Calgulating Radiation Dose to
Man from Radiopuciides in the Enviropnment. PHNL=-3180, Pacific Northwest
Laboratory, Richland, Washington.

U.S. Nuclear Requlatory Commission (NRC). 1977. Calculation of Annual
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TIT21
TIT22
TIT24
TIT25
TITZ7
TITLDI
TITLEL>
TITLR
TR

UNITS
WHERE

Table 4.3~1.

MAX11 Data Arrays (Continued)

Number of Cozmon
Elezsnts Block,
(13 TITLR
{13} TITLR
{13} TITLR
(13} TITLR
(13 TITLR
(15}

(20) JUNK
(20)

(300} RLIB
{100000:

Tabla 43-2,
Humbor of Common
Elemppts  Bloek.
(300
(2}

(1003 INY
3

(360)

(100 INV
(2,4

(2}

(s

(2)

{5) VARYBL
{5,300)

(5,100) INY
(4 DESC
{4) VARVBL,
(23}

(100) INV
(100} INV
{100} Iny
{100} INV
(20) DESC
(2,3} DESC
(3,2)

4.13

Fodeln locatSen

MAIN, OAPAGE
MAIN, QAPAGE, RLIBIN
MAIN

ONSITE Data Arrays

Module Lacation

RADIN
OPTION

RADIN
RADIN

ONSITE

ONSITE, MODIF, GROUP
RADIN

RADIN

RADIN

RADIN

QUANTI



4. PROGRAMMING DETAIL

ittt oy

The informatfon in this section {s not recessary for a theoretical or
ope-ational understanding of the URSITC/MAXIL computer softeare packago.
It {5 {ncluded for those who wish 10 galn a better understanding of the

structure and organtfzation of the computer codes and for tho prograrmer who

must matntain or modify the software packije.

The organization of tho coCe modules ang descripitons of all modules are
presented in this section. Flow charts of the progras control and simgla~
tion control are fnclucded. The use of the datz arfays. cumnon DIOCKSs and
data constants s tabulated for cach of the programs. The organfzatton of
the {nput fiies fs presanted and ihe parateters of MAX]] that are not
raviesed by ONE1TE are {dentified and described,

4.1 Program Hierarchy and Structure

ONSITE/MAXIL 15 a package of two separate computer codes and a data base.

A1l the computer codes have been designed fn modular fashion and are written

to meot ANSI-FORTRAN-?7 standards. The hieorarchical orgenization of code
modules is presented graphically follicwed by tables describing each moguie,

MAXIL is controiied by the module named MAIN and calls twenty-one sube-
routines and one function. The code module sfgrarchy of MAXI1 {5 presented

fn Figure 4.)-1.

Module Mame
ACHAIN

AFACT

AIRDIS

ANDOS

ASUH

Poscriptions of the modules are given in Table 4.1-1.

T=*Ye 4.1-1, MAY1]l Module Summary

Malor Function and Description of ¥odula

Calculates radiological decay for one radfonuclide
chain. (Subroutine called by SOLCON and WATER.}

Calcuvlates 3 resuspension factor using the
Anspaugh mocel. (Subroutine called by PADOS.)

Decays the atmespheric rolease source term, f
necessary. (Subroutfne called by PARQS.!)

Calculates annual doses. ({Subroutine called by
MAIN,?

Sums the terms of an array. (Function called by
ACHAIN.)

4.1
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Arpay Nama

DK
DKF
DWDOS
ELT
ELTA
ELTDX
ELTI
ELTLS
ELTO
ELTX
EXDOS
EXMO
FADQS
FDOS
FR
IDORG
IFR
IFRM
IFRM
IMEM
INDOS
I0FNUC
IT

K
KORG
KORGA
KORGLS
KORGW
MAXD
MAXTIM
NCHN
NFLAG
NFLAGC
NOFNUC
NSOLD
NTR
ONA
ONAME
G
QAPR
QI

QJ

QK
SOILCN
TiT20

Table 4.3-1.

Huzhor of
Elezents

(2,9
{2,300)
(50,50,5)
{300}
{100)
(100}
(50
(100}
(50)
(1o
(50,50)
(9}
(50,50,5)
{50,50,5)
{(2)

(5)
{2,300)
(2,50}
(2,9
(300}
(50,50,5)
(50}
{2)

(1}

(5

{5}

(5)

{5y ..
(5)

{5}
(300}
(300
(200}
(200)
(5,50)
(5,50}
{5)
(23)
(50
{50)
(50)
{50)
{50}
(502
(13)

MAXI1 Data Arrays (Continued)

Coz=zon
Block

RLIB
DOSEl
RLIB
FREAD
FREAD

FREAD
DATAL
FREAD
DOSEL

DOSEL
RLIB
BATAL
RLIB

DATAZ
BATAL

MXTIM
MXTIM
RLIB

RLIB

THIRDS
DATAL
TITLR

4.12

Madule Location
ACHAIN

IDNUC

MAIN, IDNUC, SETDAT
PNTG

ACHAIN

MAIN

RLIBIN

INSET

ACHAIN

RLIBIN
ZEROI

MAIN, INSET, CUITPUT,
MAIN, DFREAD, SETDAT
MAIN, CFREAD, SETDAT
MAIN, DFREAD, SETDAYT
MAIN

IDNUC
MAIN, IDNUC, SETOAT
MAIN, IDNUC, SETDAT

MAIN, SETDAT

MAIN, INSET, QAPAGE,
QUTPUT

QUTPUT, CAPAGE

MAIN, SETDAT

MAIN, GAPAGE, SETDAT
MAIN, SETDAT

MAIN, SETDAT

PNTO

QAPAGE,

SETDAT

SETDAT

P -1
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Table 4.1-1, MAXI1 Module Summary (Continued)

Hodule Mump
DFREAD

DUMMY

JONUTZ

INSET

MAIN

MAXDOS

MLOAD

QUTPUT

PADGS

PRTO

QAPAGE

ROSUB

Hafor Functics ang Dgecrinticn of Bodnle

Roads dose rate factor 1ibrarfes, except
fnhalation., (Subroutine called by MAIN)

Reads past unused entries in fnkalation dose rate
factor Yibrary. (3Subroutine called by INSET.)

Idonti{fiaes input radionuclides in the fnventory.
{Subroutine called by MAIN,)

Reads the {nhalattion dose rate factor library.
{Subroutine calledg by MAIN,)

Controls library and parameter input, data organ-
fzations dose calculations, report printing and
successive case handling., (Controlling mogule.)

Calcuvlates maximum annual dose. (Subroutine
called by MAIN,)

Caicutates a mass-loading factor. {(Subroutine
called by PADOS.)

Prints report of results. (Subroutine called by
MAIN,}

Calculates pathway doses. (Subroutine called

Prints the resulting time depenient sofl, air,
irrfgation-water and drinking~water
concontrations. (Subroutine called by PADDS.)

Prints a report of {mput varfables. {Subroutine
callad by MAIN.)

Inttfal fzes tnventory arrays and sets input
inventory data into arrays. This subroutine is
used only when special optfon is set. (Sub-
routine called by MAIN.}

4.2
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An attempt has been mada to use varfable and module nemes consistentiy
throughout the peckage.

AARDOS
ADADOS
ADWDCS
REXDOS
AFDOS
A1DOS
AIRCON
AlRFA

AW AN

PHLS
AwQ
AW

BADOS
DEDXT
DEXY
brFbas
DFDXT
OFXT
DIN

Table 43-1.

Number of
Llements |

(n

{45)
{50.,5)
(53,5)
(50,5)
(50)
(50,53
(50.50.58)
(50)

€50)

(59)

(9}

{50}

(%)

(50)

(50)

{50

(50}

(50)

(50}

(9
(50,50,5)
{50,50,5)
(50,50,5)
(300}
(100
(100
(50)
{100}
(50)
(100)
(100}

(1}
{50,50,5)
{50,50,5)
(50}
{50,50,5)
(100}
(1om
{3,50,5)
(2,50)

MAXIl Data Arrays

Cosooty
Blagk , — o Hodule leocatios .

DOSEL
DOSEY
DOSEL
DOSEL
DOSEL
DATA2

DATAL
DATAL

DATAL
DATAL

THIRDS

DOSEL
DATAZ
DATAZ
RLIB

FREAD
FREAD

FREAD
DATAL
FREAD
FREAD
SUMPRD
DOSEY
DATAZ
DATAZ
DATAZ
FREAD
FREAD

DATAL

4.11

ASUM, SUMFRD, ZEROR
ACHATN

PADOS: PNTO
AFACT, MLOAD, PADOS

ACHAIN

ACHAIN

PNTO

PNTO

PADQS, WATER, SOLCONW
PADOS, SOLCON, AIRDIS

PADGS, PNTO, SOLCON
ACHAIN, PALDOS, SOLCON

IDNUC

MAIN, IDWUC, SETDAT

PNTO

IRSET
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Bzduie Mems
RLIBIN

SETDAT

SOLCON

WATER

ZEROI

ZEROR

CHANGE

Table 4.1~1. MAXI] Module Summary {Contfnusd)

—Hajor Function and Descrintion of Module

Reads master radionucliide library with chain
gecay. (Subroutine cailed by MAIN.)

Stores data for this radionuciide in arrays
(Subroutine called by MAIN.)

Calculates the soll concentraticn accounting for
both radicactive decay and deposition of radicnu-
clides in irrigation water. (Subroutine caliled
by PADDS.)

Decays the water release source terms, 1f
necessary. (Subroutine called by PADOS.)

Initializes an integer array to zesro. (Sub-
routine cailed by IDNUC and SETDAT.)

Inftializes a real array to zerc. (Subroutine
called by SETDAT, INSET, PADOS, ANDOS, and
MAXDOS.)

Query if user requests parameter vaiue change; and
if so» input new value, test if within allowable
Timits, and repeat i1f not accepted. (Subroutine
called by ONSITE, RADIN, QUANTI, and MODIF.)

4.3
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Query for ratio of concentration in surface to subsurface soil,
if applicable.

Query for input units, radiocactivity and area.

Query for surface/buried waste diTution factor.

Input site size and calculate area correction factor.

Do until user is satisfied with scenario.

Inittalize radionuciide guantity arrays.
Read in allowable radionuclides Tist with solubilities.
Set flag 1f review/modify of translocation classification selected.

Do while element nama <> Wgo':

Input element name and atomic number.

no Match in Tibrary? yes

Do until valid name input: | Set radionuclide into array.
J—E T g
yes Check solubility? no

ey

P

For each selected organ:

Display transiocation class for soluble and
insoluble state for this element.

Display default class for this organ.

Query if change desired, and if so,
input new value. null

Input source term for each appropriate pathway.

Display inventory report and allow modification.

Do until user is satisfied with the inventory.

Write MAXILl input file.

Figure 4.2-3, ONSITE Program Flow Chart (Continued)

4.3 Program Pata and Data Stiructures

This section containg tables of the data arrays, common biock definition

and usage, and dezta constants for MAXIL and ONSITE. The arrays are identi-
fied and their locations given in Tables 4.3-1 and 4.3-2. Common block
usage is described in Tabies 4.3-3 and 43-4. Data constants are identified
and the assigned values ara 1listed and described in Tables 4.3-5 and 4.3-6.
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Figure 4.1-1.

The interactive program CHSITE is organized into twelve modules; ONSITE,
the control program, and 1l subroutines.

hierarchy of CONSITE.

4.4

MAXI1 Design Hierarchy

Figure 4.1-2 depicts the module
Table 4.1-2 presents a summary of the modules.
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e

Display introductory messages and fdentify program.

Display menu of scenarios and guery for user's choice.

Menu seleztion:

1 2 3 4 5
Print Print Print Print Print
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
description.| description.| description.! descripticn.description.

Do until user is satisfied with scenario selection:

Establish dJefault parameters for selected scenarijo.
Query user for title.

Query for beginning year of calculation.
Display ending year of calculation.

Do until user is satisfied with time period selection:
——m:::-—n

yes TTTT— Scenario 5 ? no
e ———
Display pathway options with defaults.
Query for user's changes. nuil

Display detail of report option; query for user's changes.
Nuery for Tocation «f buried/stored waste.
Query if user wishes to use all default values for scenarioc.

yes Modifications? /// no

For esach group of parameters:

Query for change in this group.

yes Modify? /// no

Bisplay each parameter description & value.
Query for change. :

yes Change? no
Input new value.
Test if within allowable 1imits. nuil null null

Figure 4.2-3. ONSITE Program Control Flow Chart
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GROUP

INTRO

Table 4.1-2.

ONSITE Design Hierarchy

ONSITE Module Summary

——Major Fupction and Description of Madule

Display report of radionuclide inventery and
control modification and additions to the
inventory. (Suaroutine called oy ONSITE.)

Query if user wishes to review/modify any of a
given collection of parameters. (Subroutine
called by MODIF, ONSITE, an. DISINV.)

Display introductory message, instructicns, and

scenario descriptions on screen. (Subroutine
caijed by ONSITE.)
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Intttalize arrays.
Set time indices.

For each time step:

Calculate resuspension using
mass~loading model.

<. If Aasm

Calculate resuspension using
Anseaugh model.

For ecach radicnuciide chatn:
m

yas

Prior butld-up? no

start of scenario.

Calculate air and water concentratfons {f prior to

null

Calculate =611 concentration.

yas

Decaying source? / no

Calculate afr concentration, §f considerecd.
Calculate water concentrations {f considered.

null

For JNUC = 1 to J:

ves

cenarfo started? no
M

Calculate external dose.

Calculate atr concentration.

For all organs:

Far all time steps:

Calculate intern
surface/buried s

al pathway doses from
ol & food crop leaves.

than

—if_irrigated else

deposition.

Calculate irrigation leaf

nuil

nucltide and organ.

Calculate total dases for each radio-

return

Figure 4.2-2. MAXI1 Dose Calculation Flow Chart
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Table 4.1~2., COCNSITE Module Summary (Continued)
Bodule Name —Haior Fupcition and Descripticn of Hodule
MODIF Display for review and/or modification appilicable

parameters for each scenario; establish modified
parameter values, {(Subroutipe called by ONSITE.)

ONSITE Control program functions and review general
parameters. {Controlling module.)

OPTION Allow user to modify selectad pathway opiicons in
a user-created scenario. {Subroutine called by
ONSITE.)

QUANTI Input source terms for each radionuclide.

(Subroutine called by RADIN,)

RADIN Input and test radiological source term; allow
: modification of transTocation indices. if selected.
(Subroutine called by ONSITE and DISINV.)

RITFIL Write MAXI1 input file. (Subroutine called by
ONSITE.) :
SCENR : Establish default parameters for the selected

scenario. {(Subroutine called by ONSITE.)

SELECT Display menu of scenario selection and input user':
‘ choice. (Subroutine called by INTRO.)

4.2 Computer Program Flow

The Togic of the computer programs in the ONSITE/MAXI software package is
depicted using flow-charting techniques described by Chapin (1974). The
reader is presented concise overviews of the program control logic and the
calculation control legic. Detatled flow charts are not provided for the
following reasons: 1) the codes are modularly designed., 2) the logic within
each module is readily apparent, and 3) each module is enhanced with com~
ments. Figure 4.2-1 depicts MAXI1 program control logic and Figure 4.2-2
summarizes MAXI1l dose calcula*ion logic. The program legic of ONSITE is
charted in Figure 4.2-3.
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Calculate pathway doses. (See Figure 4.,2-2),
Calculate annual doses; determine maximum annual doses.

yes

Yearly reports? nao

Print report.

null null

Figure 4.2-1. MAXI]l Program Control Flow Chart
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